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Tetrahedron, 1960, Vol. 9, pp. 1 to 9. Pergamon Press Lid. Printed in Northern Ireland 


STUDIES IN SESQUITERPENES—XVIII* 


THE PROTON MAGNETIC RESONANCE SPECTRA OF SOME 
SESQUITERPENES AND THE STRUCTURE OF HUMULENE 


SUKH Dey 


Department of Organic Chemistry, Indian Institute of Science, Bangalore 


( Received 22 September 1959) 


Abstract—The nuclear magnetic resonance spectra of longifolene, zerumbone, humulene, and their 


potentialities of this new tool in the field of 


sesquiterpenes. On the basis of present study, it has been possible to unequivocally fix the positions 


hydroderivatives have been studied in order to gauge the 


of the ethylene linkages in humulene and thus provide a straightforward solution of this hitherto 


unsolved problem 


IN recent years high-resolution nuclear magnetic resonance (NMR) spectroscopy has 


been applied with singular success in solving certain structural problems in organic 


chemistry.’ In the present communication the results of the application of NMR to 


certain sesquiterpenes are discussed. In the first instance spectra of longifolene and 


zerumbone were studied in order to seek correlations with the known structures of 


these substances, and later on the method was extended to finally settle the structure 


of humulene. 


Longifolen 


[he total structure I of longifolene is based essentially on the elegant X-ray 


crystallographic study of longibornyl chloride bi loffett and Rogers. although 


excellent chemical evidence has been provided for certain important structural 
features by Naffa and Ourisson.*~® The proton NMR spectrum of longifolene 


is in complete accord with the structure I. The spectrum, with the peak 


assignments, is shown in Fig. 1. The integerated areas under the various peaks are 


* Part XVII: Tetrahedron 8, 42 (1960) 
1 a W. G. Dauben and P. D. Hance, J. Amer. Chem. S 77, 2451 (1955); 6 E. J. Corey, H. J. Burke and 


W. A. Remers, /bid. 77, 4941 (1955); c A. T. Bottini and J. D. Roberts. J. Ore. Chem 21, 1169 (1956): 
dN. L. Allinger, /bid. 21, 1180 (1956): e M. G. Ettlinger and } Kennedy, Chem. & Ind. 166 (1956): 
f J. Gripenberg, Acta Chem. Scand. 10, 487 (1956): ¢ E. F. Silversmith and J. D Roberts, J. Amer. Chem 


Soc. 78, 4023 (1956); A E. E. van Tamelen, S. H. Levin, G. Brenner, J. Wolinsky and P Aldrich, lbid 
80, 501 (1958); i K. L. Rinehart, W. A. Nilsson and H. A. Whaley. /bid 80, 503 (1958) 

* R. H. Moffett and D Rogers, Chem. & Ind. 916 (1953) 
P. Naffa and G. Ourisson, Bull. Soc. Chim. Fr. 1115, 1410 (1954) 

* P. Ourisson and G. Ourisson, Bull. Soc. Chem. Fr. 1415 (1954) 

* G. Ourisson, Bull. Soc. Chim. Fr. 895 (1955) 
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folene. That these assignments are c 
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longifolane 
spin splitting for the methyl hydrogens, and this ts as it should be, since the methyl! 


groups are attached to carbon atoms carrying no protons. It may be noted that, as 


(Externo!l reference) 


appears in the case of lons ifolane (the doublet at 151-7 and 
1 also contain the other nine methyl protons). 
rly reflected in the NMR spectrum ; 


valent, olefin protons, one 1s 
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vo. otherwise Chemically cqu 


a fused 7-membered ring in 


due to steric interactions’), and this 


nce of two olefin proton peaks at 1-9 and | | cps.7 That these 
rue chemical shift was proved by the field-de pendence of the shift; 


16 me rf., the olefin protons appeared at 


was determined at 
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not 

s were 

ed from 12:5 to 10°58 


yund to be 


by ihe 


ad tneir a 1959) 
Tech. Information Bulletin from the Laboratories of the Instrument 


* E.g. cf. the spectrum o! methvi linolcnate 
hamberlain, Analyt. Chem. 31, 56 (1959) 


Di Varian As ates 2. No. 3, 10 (1959)]; N. F. ¢ 
W. D. Kumler, J. N. Shoolery and F. \ Brutcher, J. Amer. Chem. Sox 80, 2533 (1958) 
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15-4 and —11-2 cps, and thus, the peak separation dropped from 9-1 cps to 4-2 cps, 
which is in good accord with the calculated value of 3-6 cps. 


Zerumbone 


On the basis of chemical evidence, zerumbone has recently been shown to be II. 
A study of its NMR spectrum appeared to be of special interest, because of the 


Sweep rote 


possibility gaining nforms n irom such a study about the precise location 
of the ethylenic linkages in the closely related hydrocarbon, humulene (vide infra). 
The NMR spectrum of zerumbone (Fig. 3) shows an excellent resolution into different 


types of protons and the different peaks would appear to correspond to the number 


of protons indicated under each band.* ¢ learly, the 147-7 cps resonance peak at the 


highest field strength is to be ascribed to the g m-dimethyl groups,® while the bands at 
132-7 and 124-8 cps are each assignable separately to the methyl groups on the ethylenic 
linkages.'“® This chemical shift (7-9 cps) between these two methyl groups probably 
arises due to some frans-annular shielding of one of the methyl groups; the carbonyl 


* The values in parentheses show the relative areas from actual area measurements from the spectrum, 


whereas the other numbers represent the number protons expected to occur under riven peak, according 


to the structure of the compound under discussior ) remarks also apply to Figs. 4-6 


* Sukh Dev, Chem. & Ind. 1051 (1956): Tetrahedron 8, 171 (1960). 
* L. H. Meyer, A. Saika and H. S. Gutowsky. J. Amer. Chem. So. 75, 4567 (1953) 
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group is hardly expected to affect the C,» methyl by an inductive mechanism. The 
next set of peaks (104-3 and 112-2 eps) is readily assignable to the six methylene 


protons, which are not overlapping the C,, and C,, protons, by virtue of their being 


entirely situated on allylic positions.” The last group of resonance peaks ( 37-9, 
23-7, 14-2 and —6°3 cps) represents the remaining four olefinic protons. From 
the area measurements, it would appeai that the 37-9 cps peak contains three 


protons, which would be the hydrogens on the 3, 10, and 11 positions, the remaining 


External reference 


Sweep rote 400 


H Increasing 


I 


ethylenic proton, which is not subject to the diamagnetic unshielding by the carbonyl, 
occurs as expected, at a higher field strength. It is rather surprising that no chemical 
shift between the «-H (at C,,), and the /-protons (at C, and C,,) which are subject 
to a greater unshielding by the carbonyl by a congugative electron displacement, 
iS observed 

hese assignments for zerumbone, which are self-consistent, are amply confirmed 
by the NMR spectra ol tetrahydrozerumbone III (Fig. 4), hexahydrozerumbone and 
deoxyhexahydrozerumbone (humulane, Fig. 6). From the area measurements on 
Fig. 4. it is clear that the C,, methyl-protons occur at 127 cps; it is to be noted that 
this band is now being overlapped by the absorption due to some methylene protons 
which are no longer allylic. letrahydrozerumbone has only one olefinic proton, 
which has shown up clearly as a triplet (spin-spin splitting due to C.-methylene 
hydrogens) with the centre at —15-3 cps. This confirms the ethylene proton assign- 
ments in zerumbone. The peaks at 116-3 and 107 cps would represent the methylene 
groups at C,, C, and C,;, whereas the 99-5 cps band would appear to be a triplet 
(due to the tertiary proton at C,) superimposed on the rising absorption of the 

* E.g. the x-olefinic proton in methy! crotonate shows up at —34 cps, while the /-hydrogen appears at 


89 cps 


‘ 
4 

I 

4, 
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methylene protons. This appears to be confirmed by the NMR spectrum of hexa- 
hydrozerumbone, which has peaks, besides those due to methyl and methylene 
hydrogens (at 156-1, 146-9 and 137-7 cps), at 123-9 (a septet) and 99-5 cps (a triplet), 
and which from peak inspection would correspond to two and one protons respectively, 
and thus would be assignable to the C, ,-methylene protons and the tertiary hydrogen 
at C, respectively. Finally, the NMR spectrum of humulane clearly shows the two 


Sweep rate 


reference) 


( Externo 


types of protons with the expected populations. Asa part of special interest, it may 
be noted in the present series, that as the z-electron centres are removed from the 
molecule the methyl hydrogens get more and more shielded (147-7 —> 156 cps), this 


possibly has its origin in the expected progressive crowding in the ring. 


Humulene* 


Various structures ([V'®, VII'%) have been proposed for humulene. 
While the nature of the carbon-skeleton is well-established. the position of the 
olefinic linkages is not known with any certainty. Humulene is known to yield as- 
dimethylsuccinic acid on oxidation with chromic acid™ or ozone.” and formalde- 
hyde'®!* and laevulinic aldehyde'*’'* have also been isolated after ozonolysis. These 


* A preliminary note appeared in Tetrahedron Letters No. 7, 12 (1959) 


1° F. Sorm, M. Streibl, J. Pliva and \ Herout, Coll. Czech. Chem. Comm. 16, 639 (1951) 

4G. R. Clemo and J. O. Harris, Chem. & Ind. 799 (1951): R. W Fawcett and J. O. Harris, Jbid. 18 (1953): 
J. Chem. Soc. 2673 (1954) 

12 Sukh Dev, Curr. Sci. 20, 296 (1951) 

'® P. Clarke and G. R. Ramage, J. Chem. Soc. 4354 (1954) 

4 F. Sorm, M. Streibl, V. Jarolim, L. Novotny. I Dolejs and V. Herout, Coll. Czech. Chem. Comm. 19, 
570 (1954) 

% A. C. Chapman, J. Chem. Soc. 83, 505 (1903) 

* F. Sorm, J. Mleziva, Z. Arnold and J. Pliva, Coll. Czech. Chem. Comm. 14, 699 (1949). 

17 G. R. Clemo and J. O. Harris, J. Chem. Soc. 22 (1951) 

** E. R. Klein and N. F. Lahey, Chem. & Ind. 760 (1951). 
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data are readily understandable, if humulene ts considered to be IV or VII, with the 


provision that bond-mobility(as in V1) is involved in some of its oxidative degradations. 


Such a behaviour has previous precedent."* The presence of a semi-cyclic methylene 


as been claimed” on tne basis ol quantitative OZONOLYSIS 


nent On the other hand. Clarke and Ramage” 


> 


hasis of oxidative degradation of some crystalline 


lacking in an asymmetric disubstituted ethylenic 


formaldehvde or formic acid.*° On the other hand 


some compounds containing h a linkage have failed to give more than a trace of 
fter ozonolysis.’ l Similarly. at least some compounds without 


these products a 


RR’C=CH, linkage have been hown. to absorb, often strongly, around 890 cm 


In view of these, it seemed desirable to re-examine the whole problem 
by a method which could offer an unequivocal answer. In this connexion, the NMR 
y because in the NMR spectrum of 


in the infra-red. 


spectrum of humulene has been studied, especial! 


zerumbone, the closely related sesquiterpene ketone. the various methyl and methylene 


protons were so nicely resolved 

The NMR spectrum ol humulene, with the proton populations of the various 
peaks, is shown in Fig. 5. It is at once apparent [rom this spectrum, that the methyl 
and methylene proton region of the NMR curve of humulene is a/most identical with 
that of the corresponding region in the zerumbone spectrum (cf. Fig. 3), both as 


regards the relative disposition of the peaks as well as the area under each peak 


1 Waters. Chem. & Ind. 489 (1959)) fresh 
mulene ozonide, in favour of structure Vil 


tech. Chem. Ge 65, 1285 (1 132); A. E. Bradhtic 1, A. R. Penfold and J. L 
+: G. R. Ramage, R. Whitehead and B. Wilson, Ibid. 4341 (1954) 

Chem. Soc. 2830 (1955) 

1 M. Derfer and C. E. Boord, J. Amer. Chem. 5o« 75, 3344 (1953) 
ethy xane. 3-methyl-3-ethylpentane, geranylamine hydrochloride [D. 
Barnard, I mal . urding, H. P. Koch, N. Sheppard and G. B. B. M. Sutherland, J. Chem. 
Soc. 915 (1950) p ne [R. L. Frank and R. E. Berry, J. Amer. Chem. So 72, 2985 (1950)}, 


and a-pinene [J. Pliva and Herout. Coll. Czech. Chem. Comn 15. 160 (1950)] absorb strongly near 


890 cm=, although the grouping RR’C=¢ H, is certainly absent 


P 
4 
Ag 
eroup in purified ni lene 
and infra-red spectral Medsure 
favour the structure VII* on the 
rtait mp 1d : 
Ozonolvsis of certain compounc 
. | iidebrand. M. D. Sutherland and 
Very recently [R. P. Hilde 
} - avag ) 
chemic evidence. based on LiAIH,-reductive Cleavage OF the 
ha 
2 
2 


Studies in sesquiterpenes—XVIII 


Sweep rote: 300 


(External 
reference) 


CHCL, 
— 
-103 


(Externol 
reference) 


(average shift of these bands relative to those of zerumbone is ~6 cps). This forces 
us to the only conclusion that humulene, like zerumbone, has four methy/ groups and 


all of its methylene groups are located at allylic positions. This is in accord with 
structure VII only. The ‘new’ methylene group at position 9 in humulene, as expected,® 
showed up at a still lower field strength (peaks at 90-8 and 98-6 cps with the areas 
approximately in the ratio | : 1), and the olefinic protons formed a complex multiplet 
in the expected region. As a point of further evidence in favour of structure VII, it 
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may be noted that from the relative areas of the olefinic and ‘saturated’ protons, the 
number of ethylenic hydrogen atoms In humulene works out to be 3-3, a figure which 
is closer to that required for VII as compared to that required for IV. 

As discussed earlier, the presence of a band around 890 cm in the infra-red 


spectrum of humulene does not constitute a strong argument for the presence of 


the infra-red absorption 
published spectra” of humulene 
uping RR ¢ CH, is based on 
around 890 cn appeared to 

n the same region. As would 


cm 


RR’'C--CHR 2 CHR 
RHC--CHR CHR 
(frans-) CH 


RHC CHR : 100-110 
RR‘'C--CHR 


CH 120-160 


a R. N. Jones and ¢ orty i recr s echniqu rga } sory Vol. LX, pp 367-384 
Interscience, New Yor 156) urd itemal wding. H. P. Koch, N Sheppard 
and G. B. B. M. Sutherianc and V. Thornton, Anaty! 
Chem. 24, 318 (1952) 
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peak is not consistent* with the presence of RR’C==CH, system in humulene. Thus 
the evidence presented in this paper allows the unequivocal formulation of humulene 
as VII. Like zerumbone, the A’®-ethylenic bond in humulene has a frans-configuration, 


and the precise steric arrangement of the other two olefinic linkages remains as yet 
uncertain. This structure of humulene is directly related to that of zerumbone by an 


oxidation—reduction Sy stem, and we are currently try ing to effect such interconv ersions. 


Theoretically, humulene now becomes biogenetically related** to farnesol by a 


simple path involving no rearrangement of the ethylenic linkages. 


Fornesy! cotion 


EXPERIMENTAI 


Vaterials. Longifolene, zerumbone and their derivatives employed for the determination of their 
NMR spectra were all purified samples and their preparation has been described previously (Parts 


XVI and XVII of this series) 


Humulene was isolated from the essential oil Z r zerumbe ind alter precise tractionation 


had: b.p. 114-115°/5 mr 1-S015, [2 0-31, nitroso ride*’ m.p. 175-176", trioxide’ m.p 


40 me rf excep vier ited to the contrary, wit Var Model V-4300B § res 1 spectro- 


nits were 


USOCU 


ubtracting 


ween water 


Infra-red spectra These were determined w i Perk I er double-bear insirumen Dpotn on 


the pure liquid and on its 8-8 per cent sol 


ledgement This work was carried out at the Noyes Chemical Laboratory, University of 
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for these facilities. The NMR spectra were kindly obtained by Mr B. A. Shoulders 


° The intensity of the 890 cm ' band sknowntobd onsiderably reduced in certain compounds containing 
RR CH, grouping [D. H. R. Barton, P. de Mayo and M. Shafia, J. Che S 3314 (1958 L. Dolejs 
M. Soucek, M. Horak, V. Herout and F. Sorm, ¢ Czech. Chem. Comm. 23, 2195 (1958 cf. W. H. 7 
Davison and G. R. Bates, J. Chen Soc. 2607 (1953) However a such compounds are substituted in the 


%-position by an oxygen function 
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acid-base equilibrium in solutions, as proposed by Bronsted™ and later dev eloped by 


other authors.” 


The qualitative ionic theory of tautomerism due to Lapworth et a/.4-"’ as well as 
| 


to Arndt and Eistert,'*-*° starting from the concept of the formation of a “common 
ion” has been quantitatively interpreted.'~"' By using the Bronsted equation’ and 


the relationship* 


Ks Ky Kes K,/Ke fis!fes (1) 


it proved possible to elucidate the regularities concerning the effect of solvents on the 


tautomeric equilibrium constants, at least within the limitations of the acid-base 


equilibrium theory, as to the effect of the solvents on the strength of acids and bases. 


In particular, it was shown that the logarithms of the tautomeric equilibrium 
| 


constants in two different solvents are in a linear relationship 


PA ws DA Const (11) 


This linear relationship proved valid not only for keto-enols that were the first to 


omeric systems as well. such as 


exemplify it, but for a number of other types of tau 


z-acylaminopyridines and a-acylaminothiazols,*' derivatives of dithizone,™ thio- 
carbo acids et 


Ihe application of the Bronsted equation to th lutions of tautomeric compounds 


{ts in 


tautomeric equilidriu constan 


enabled to work out a method to evaluat 
suring the etiectis ionizat onstants of tauto- 


sd has be n particular, usec 


tants 


It was thereby found that in the latter case the equilibriu is shift Ow gd e thione 
forms and in the former one toward the thiol forms. The equilibrium of alk darogen 


alkylthiophosphonates 
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was found to be shifted in both alcohol and water toward the thione forms.® Thus it 
has been proved that the thione-thiol equilibrium of phosphorus thioacids depends 
to a great extent both on the nature of the solvent and the structure of tautomeric 
acids, such a relationship being also characteristic of many other types of tauto- 
merism. The effect of the solvent can be therby interpreted in terms of the Bronsted 

Izmailov theory of acid—base equilibrium. As to the effect of the structure of tauto- 
meric substances it has been up to now possible to consider it only qualitatively on the 
basis of the known laws of organic chemistry. At the same time it seemed of great 
interest to establish the quantitative relationship between the structure of the forms 
and the tautomeric equilibrium. The tautomeric equilibrium being determined by the 
ratio of the ionization constants of the forms, the question of the effect of the structure 
on the equilibrium is that of the effect of the structure on their acid—base properties. 
In its general case the latter point is rather involved, but in particular cases one can 


make use of the empirical Hammett equation,” 
(111) log AK po, or pA pA po (1V) 


that 1s particularly well applicable to the meta- and para- substituted aromatic acids. 


This led us to conduct the investigation of thione-thiol tautomerism of organo thio- 


phosphorus acids along two lines, namely to consider firstly the general case of 


applying the Hammett equation to the 1onization constants of tautomeric mixtures 
and secondly the particular case of applying this equation to the ionization of phos- 


phorus acids 


The application of the Hammett equation to the ionization constants of tautomeric 
compounds 

The Hammett equation has been applied by different authors to the problems of 
tautomerism. Thus, for instance, Jaffe, Willy and Meyer” evaluated the tautomeric 
equilibrium constants through ionization constants calculated following Hammett. 
It is to be noted that the Hammett formula, though usually valid as a statistical 
equation for many uniform compounds, may lead to noticeable errors when used to 
evaluate the constants of a particular substance \ more general application of the 
equation is suggested in a recently published paper by Jaffe and Gardner*’ who have 
concurrently with the present authors dealt with two intersecting Hammett straight 
lines characteristic of the tautomeric equilibrium. The former authors have considered 
this approach only as a particular case to be applied to the tautomeric equilibrium of 
substituted azobenzenes and limited it to the case when the 1onization constants K* of 
unsubstituted forms are equal (the two nitrogen atoms being equivalent in azo- 
benzene). Neither have they given the problem under investigation a quantitative 
treatment. 

We believe that being applied to the problems of tautomerism the Hammett 
equation should receive a more general and exhaustive treatment, involving the 
quantitative aspect of this problem 

As the tautomeric forms (ketones and enols, thiones and thiols, etc.) refer to acids 
of different chemical types, the relationship between their pX’s and o’s must be 
21. P. Hammett, Physical Organic Chemistry. McGraw-Hill, New York (1940). 
23H. H. Jaffe, J. Amer. Chem. Soc. 77, 4445 (1955) 


4. V. Willi and W. Meyer, Helv. Chem. Acta 39, 54, 318 (1956) 
27 H. H. Jaffe and R. W. Gardner, J. Amer. Chem. Soc. 80, 319 (1958). 
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expressed by different values of pK° and p. Thus for the tautomeric forms 1 <> 11 


we must write 


pA, (1Va) 


pA, 


and pA, = pK, P2O (1Vb) 


In the general case a plot of p& vs. o should be expressed by two intersecting 
straight lines (1) and (2), see Fig. 1, each of which expresses the relationship between 
pA and oa for one type of forms. The tautomeric equilibrium constant being equal to 
the ionization constants ratio of the forms in a given medium and hence 


pK; pK, (V) 


pA, 
it must be calculated for each substance (for each o value) by the intercept “C”’ of the 
ordinate between the two straight lines. The intersection point of the straight lines 
refers to that substituent which results in the tautomeric equilibrium constant being 
equal to unity. The region to the left from this point corresponds to the equilibrium 
shift toward form (1), that to the right toward form (11). In all cases the equilibrium 
is shifted to the forms corresponding to the above lying rays of straight lines. Thus 
if p, and pp, and, respectively, pK,° and pK,° are known, it is possible to obtain a 
complete picture of the effect of the structure (the nature of the substituent, and the 
o value) on the tautomeric equilibrium and acidity of tautomeric forms. 

In most cases, however, the direct experimental determination of ionization 
constants of single forms proved to be impossible. The attempted determination by 
Schwarzenbach and Lutz** using an extremely precise flowing potentiometric pro- 
cedure met with failure. 

Actually when determining the ionization constants of tautomeric compounds one 
determines some effective ionization constant related to the ionization constants of 


single forms by the equation (VI).” 
K, = K,K/K, + Ke (VI) 


It is thereby to be noted that if K, > K, then K, ~ K,, and if K, < K, then K, = Kg. 

The effective constant is always close to the ionization constant of that form which 
under given conditions is less acidic. With pK and o the relationship between effective 
constant A, and a is expressed by a curve with two asymptotes overlapping with two 
above lying rays of the straight lines. Analytically it can be expressed through equation 
(VII) derived from (VI) by substituting K, and K,, taken from equations (IVa) and 
(IVb) 


(VII) 


This curve passes above the intersection point of two straight lines at a distance equal 


to log 2*. 


One can suggest therefrom two ways of determining the tautomeric equilibrium 
constants on the basis of experimental determination of effective ionization constants 


* The formula, suggested by Jaffé and Gardner is derived from VII at K K, K,> that is to say, it is 
applicable to the particular case when the ionization constants of two unsubstituted tautomeric forms are 


equivalent (at o 0) 


** G. Schwarzenbach and K. Lutz, Helv. Chem. Acta 23, 1147 (1940). 
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K. of various uniform tautomeric mixtures differing as to the nature and position of 
substituents (that is, in the magnitude of o's). 

The first is used to evaluate the ionization constants of two sets of compounds, 
whose substituents cause the tautomeric equilibrium shift practically entirely either 
to the form 1 or to the form 2 a lhe plot of pK vs. o leads to two intercepts 
of above lying rays of intersecting strais echt lines at some distance from the point of 
intersection. Extrapolating to the middle one obtains two intersecting lines character- 


istic of the tautomeric equilibrium depending on o. Investigations have shown the 


application of this treatment to he limited to those rare cases when the nature of the 
substituent exerts such a strong influence on the equilidrium that it is possible to 
obtain experimental points corre sponding to both rays 
As to the second wav of determining the tautomeric equilibrium constants used 
in this paper, it is enough to have one ray and the region of deviation from it. Indeed 
from formula (V1) we obtain 
pA pK, = log (K, + A,) — log A, (VIII) 


or else, taking into account formula (1), 


pA pK, = log (Ky 1) (LX) 


The pA pK, being t 


linear relationship or the intercepts a (Fig. 1), one finally obtains: 


Ky = 10° — 1 (X) 


ve ordinate deviation of the experimental curve from the 


Thus, the intercept of the straight line and the deviations from its extension obtained 
experimentally eng ible one to reproduce the two intersecting stré 1ight lines, that is the 
whole picture of the relationship between the tautomeric equilibrium constants or the 
ionization constants of particular forms and oa. 

Practically, the investigation proceed as follows. The effective ionization constants 
of tautomeric mixtures of various uniform compounds differing in the nature of 
substituents (or the magnitudes of o) are evaluated. According to the data obtained 
pX is plotted against o. If the plot gives a linear relationship it is concluded that for 
all compounds under study the tautomeric equilibrium is almost entirely shifted to 
one of the forms. But if the experimental data give rise to a curve with only one 
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branch showing the linear relationship and the other deviating from it, then the con- 
clusion is drawn that firstly the equilibrium is shifted to one of the forms for the 
compounds corresponding to the linear part of the curve and secondly, in the region 
of deviation appears a second form in equilibrium. The intercepts a enclosed 
between the curve and the straight line produced by extrapolating the linear part of 
the curve are characteristic of the tautomeric equilibrium constant according to 


equation (X). 


3. The application of the Hammett equation to organophosphorus compounds 


Jaffe et al.*° have shown the Hammett equation to be applicable to the constants 
of the first and second ionization steps of aromatic phosphonic acids whose benzene 
ring involves a system transmitting the substituent effect to the reaction centre 
PO(OH),. 

As far as organophosphorus compounds are concerned it is however possible to 
apply the Hammett equation far more extensively. It is to be expected that the readily 
polarizable electronic sphera of PO and P=S groups can well transmit the sub- 
stituent effect to the reaction centre, say, to OH or SH groups of acids and thio acids 
of phosphorus, such as 
Oo 


R OH R’ SH 


no matter whether the aromatic rings are present or not. The large atomic radius of 
phosphorus provides for the lack of steric hindrance between atoms and atom groups 
bound to phosphorus or, in any case, minimizes them. Thus all conditions are met for 
the Hammett formula to be applied to such compounds, the P=O group playing here- 
by the part of the aromatic ring transferring the polar effects and the R and R’ groups 
bound to phosphorus producing the substituent effect. To prove this postulate we 
treated*®.** the experimental data (partly obtained in out laboratory and partly taken 
from the literature) of the ionization constants of about 100 phosphorus acids in 
various solvents (water, 7 per cent, 50 per cent, and 80 per cent alcohol) that roughly 
gave rise to 200 ionization constants. Hypophosphorus acid (R R H,¢=@ 
was taken as reference acid. With other acids the R and R’ groups were H, OH, 
AlkO, ArO, Alk, and Ar with different substituents in the hydrocarbon radical and 
in various combinations. The constant p was taken for the first ionization step in 
aqueous solution as unity. The calculation was carried out in terms of the formula 
pA = pA pxo with Xo being the sum of the o constants of R and R’ substituents. 
By successive approximation were calculated the o constants characteristic of each 
substituent and the values of p and pK*. The linear relationship pK = pK puo 
proved to hold in all cases, as is seen from Figs. 2-6. In Table 1 are listed the o con- 
stants obtained. It is natural that the o constants for organophosphorus compounds 
are different from those evaluated by Hammett and subsequent workers*® for the 
substituents in the benzene ring. Table 2 lists the corresponding values of constants 
p, pK* and correlation coefficients r. 

2° H. H. Jaffe, L. D. Freedman and G. O. Doak, J. Amer. Chem. Soc. 75, 2209 (1953). 

3° M. I. Kabachnik, Dokl. Akad. Nauk SSSR 110, 393 (1956) 

3. T, A. Mastrukova, A. I Shipov, T. A. Melentyeva and M. I. Kabachnik, Zh. Obshch. Khim. 29, 2178 (1959). 
*? H. McDaniel and H. C. Brown, J. Org. Chem. 23, 420 (1958). 
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Considerable deviations from linear relationship are obser\ ed only with compounds 
containing the CCI, and CF, groups Again, the o constant for ¢ gH, and p-CH,C,H, 
groups depends on the number of these groups bound to the phosphorus atom. With 


— 


i 

( H.O.HO 

( H.O. ¢ 
C C.H..HO 
Hd if HOCH, HO Ho pa. 

H 

HO H,.HO 36) H.) 

Ht) NO HHO id) 
SO.C,H HO ) HOOCC,H,,HO BrC,H,,HO CiC,H,,.HO 
HOOCC,H, HO BrC,H,.HO CiC,H,HO +7) HOC,H,,HO 
H.C.H,.HO HOC,H,,HO; (50) p-C,H,OC,H,,HO; ©! H,OC,H,,HO 


laine ver cent alcono 


one aromatic group the o values amount to —0-481 0-020 and —0-602 0-010 and 
with two groups —V 592 0-017 and —0-674 0-016, respectively This seems to 


be due to steric hindrance 
We have also investigated the relationship between pA and “eo for dithio-acids of 


phosphorus such as 


R SH 


The data obtained are summarized in Fig. 7. The ionization constants of the acids of 
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the dithio series proved to be little dependent on the nature of the radicals R and R’, 
In 7 per cent and 80 per cent alcohol, p amounts to 0-007 and —0-022 respectively‘ 


pA” being 1-74 and 2-64. 


io 
Acids Vater; the second step (pX.) " R and R denominations 
is in Fig. 2 i CH,CONHC,H,,HO; (54) 3,4-CH,O.C.H..HO (55) p- 
OOCC,H,,HO;: (56) (57) NH,C,H,,HO; (58) m-C,H.NH¢ H,,HO; 
(59) m-CH,NHC,.H,HO (60) m-C,H,NHC,.H,.HO (62) p-NH.C,H,,HO; (63) p- 
NH,NHC,H,,HO (64) p-CH,NHC,H,,HO (65) p-(CH,),.NC,H,,HO 


4. Phosphorus thio-acids. Synthetic methods and ionization constants 


lo proceed to the investigation we synthesized 25 phosphorus monothio-acids 


involving derivatives of thiophosphoric, alkylthiophosphonic and dialkyl- (diaryl) 


thiophosphinic acids, mostly not described in the literature. To this end we have 


* H. H. Jaffe, Chem. Re §3, 191 (1953) 
4 A.C. Mitche I. Chem. § 117, 957 (1920), 
F. W. Bennett, H. J. Emeléus and R. N Haszeldine, J. Chem. Soc. 3598 (1954) 
W. D. Kumler and J. J. Eiler, J. Amer. Chem. Soc. 65. 2355 (1943) 
P. C. Crofts and G. M Kosolapoff, J. Amer. Chem. Soc. 75. 3379 (1953) 
P. Rumpf and V. Chavane, C.R. Acad. Sci., Paris 224, 919 (1947) 
*’ P. C. Crofts and G. M Kosolapoff, J. Amer. Chem Soc. 75, 5738 (1953) 
*° H. J. Emeléus, R. N. Haszeldine and R. C. Paul, J. Chem. Soc. 563 (1955) 
*' H. H. Jaffe, L. D. Freedman and G. O Doak, J. Amer. Chem. Sox 75, 2209 (1953), 
* P. Lesfauries and P Rumpf, C.R. Acad. Sci., Paris 228, 1018 (1949) 
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elaborated some general synthetic procedures that enabled us to obtain different acids 


in good and fair yields in a pure state 
(RO).PSOH were obtained by treating tricthviammonium 


Dialkv! thiophosphates 
the former being, in turn, synthesized by 


dialkyl! thiophosphates with mineral acids 


aipnenyi 


iophosphonatecs RPS(OR WOH), we>re prepared 


Alkvl hydrogen alkylth 


routcs 


4 
\ 
\ 
\ 
\ 
| 
5 ‘ 
ry} ’ 
7 ‘ nd 
iz nhosphat followine Arbu ana 
oO 
RO).PH (RO),PONa ——> (RO),PSONa > (R 
vit yphospl c acid wast cuc 
chlorophosphatc, hydroge phide, and 
» (Ar). PSONHIC.H Method C 
a via two 
= 
124. Kharkov (1932) 
oe 4 ©. Foss, Acta Chem. Scand. 1, 8 (1947) 


The application of the Hammett equation to the theory of tautomeric equilibrium 


1. From dialkyl hydrogen thiophosphites according to the following scheme: 
(RO).PHS > (RO).PSNa > R’PS(OR) R’‘PS(OR)(ONa) — R’PS(OR)(OH) 
From alkyl hydrogen alkylphosphonous acids 


R‘P(OR)HO ——> R’‘P(OR)(ONa) > R’PS(OR)ONa > R’PS(OR)(OH) (Method E) 


Diarylthiophosphinic acids, Ar.PSOH, were produced following the known pro- 


cedure due to Higgins ef a/.” (Method F). To obtain dialkylthiophosphinic acids. 


PSOH. we made use of the Kosolapo 


with orga avn I mpound AILS 


found readi! 1 sulphur to g1 magnesium dialkylthiophosphinates 


gencral 
(RO),PHO R,’POMgX R,’PS(OMgX) >R,’PSOH (Method G) 


An exception proved to be di-t-butylthiophosphinate, that we succeeded in 


obtaining by substituting t-butyllithium for t-butylmagnesium chloride 


The data concerning phosphorus thio-acids produced are given in Table 3. 


“ W. A. Higgins, P. W. Vogel and W. G. Craig, J. Amer. Chem. Soc. 77, 1864 (1955). 
* G. M. Kosolapoff and R. M. Watson, J. Amer. Chem. Soc. 73, 4101 (1951) 
* T. A. Mastrukova, A. E. Shipov and M. I. Kabachnik, Zh. Obsch. Khim. 29, 1450 (1959). 
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RR'P(S)SH 

R K 

C,H,O ) 
CH,,C,H,O; (15 (14) C,H 


2 
20 
2 
> 
4 
| \ 
\ 5 
: \ 
ig 
- 
: 
20°. The fi 
HO H.O » C.H.O, C.H,.O C.H.O, C,H,O 
; HO C.H.O. C.H.O CH.C,H,0,HO CH,C,H,O, 
CH,, CH C,i C,H C,H 
4 CH,C,H CIC,H CIC,H, 
| 
x 
| 
1.0: (2) CH,O,.CH,O CH.O.C.H,O; (4) 
(6) i-C,.H.O C,H,O; (7) 
H.C.H.O: (11) p-CH,C,Hy, p-CH,C.H,; (12) 
C_H.: (15) CyHy.CyHy, (16) i-CyH,, 


H 

HO 
CH,O 
C,H,O 
C.H.O 
i-C,.H.O 
C,H,O 
©,H,O 
p-CH,C,H,O 
CH 


C,H 
i-C.H 
C,H, 
s-C,H, 
t-C,H 
C,H 
CICH 
CLCH 
BrCH 
HOCH 

oO 


Solvent 


Water 
Water 
alcoho! 


50‘ alcoho! 


50° alcohol 
80°, alcoho! 


0 

0-393 
0-124 
0-214 
0 415 
0-291 
0-411 
0-300 
0-06! 
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TABLE 2. THE REACTIONS CONSTANTS 9 


RR’PO(OH) ann RPO(OH) 


Step 


The application of the Hamme 


0-00 
0-014 
0-014 
0-048 
0-004 
0-043 
0-000 
0-012 
0-011 
0-023 
0-020 
0-025 
0-036 
0-015 
0-010 
0-023 
0-098 
0-031 
0-034 
0-019 
0-53 
0:27 


Ao 


p-NH,NHC,H, 
p-CH,NH¢ 


AND THI 


TABLE 1. THE CONSTANTS OF SUBSTITUENTS o?°.%! 


R 


m-CH,N*H,C,H, 


m-C,H,N*H,C,H, 


p-NO,C,H, 
m-NO.A H, 
p-NH,SO,C,H, 
p-HOOCC,H, 
m-HOOCC,H, 
m-CiC.H, 
m-BrC.H, 
p-BrC..H, 
p-CIC,H, 
m-HOC,H, 

OOCC,.H, 
m- OOCC,H, 
m-HN,NHC,H, 
C,H 


C,H 
~CH,CONHC,H, 
3.4-CH,0,C,H 
m-NH,C,H, 
p-~CH,OC,H, 
p-CH,C,H, 
p-CH,C,H,* 
m-C,.H,NHC,H, 
p-HOC,H, 
m-CH,NHC,H, 
-C,H.OC,H, 
m-C,H,NHC,H, 
-(CH,).NC,H, 
»-NH.C,H, 


VALUES OF DA 


58 1-00 
47 6°13 
12 1-01 
17 2-01 
19 7-59 
14 2-68 


AND fF FOR T 


0-30 

0-30 

0-30 

0-132 
0-096 
0-000 
0-140 
0-177 
0-219 
0-229 
0-248 
0-29? 


HE IONIZATION OF ACIDS 


990 
000) 


tt equation to the theory of tautomeric equilibrium 


0-045 
0-041 
0-039 
0-040 
0-027 
0-024 
0-028 
0-015 
0-014 
0-022 
0-008 
0-008 


0-020 
0-017 
0-028 
0-045 
0-018 
0-026 
0-034 
0-010 
0-016 


0-017 


0-005 


0-976 
0-955 
0-996 
0-993 
0-992 
0-994 


= — 

a 

0-14] 

0-965 
1-101 

0-322 

1-219 

0-418 

Q 

0-465 

cA 
4 4 
0-493 

0-034 

0-500 

0-272 

0-549 

0-563 

0-586 
0-54¢ — 0-602 
0-50 0-2 0-674 
) 
0 0-621 
0-652 
0-654 
0-658 
0-671 
0-68 2 
0-783 
4 * With two pheny! or p-to roups at the phosphor 
| 

4 
: | 
1 (1 

2 1-788 

1-050 
1-312 
1-219 
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Dialkyl dithiophosphoric acids, (RO),PSSH, were obtained following Carius and 


Pishchimuka* 
Alkyl hydrogen alkyldithio 
ing alkyl alkylchlorothiophosphonates with sodium hydrosulphide™ as follows 


phosphonates, RPS(¢ )R')SH, were produced by treat- 


> R’PS(OR)SH 


R’PS(OR)C! NaSH > R’PS(OR)SNa 


Ar.PSSH, were obtained following Higgins 


Dialkyldithiophosphinic acids were produced fron dialkylthiophosphinic acids 


Diary Idithiophosphinic acids 


according to the scheme 


R,.PSOH > R,PSCI >» R,PSSNa > R.PSSH 


is synthesized, their constants, analyses 


In Table 4 are s immarized the dithio-acic 


nd ionization constants 
All pA,,’s were ¢ aluated by measuring the pH’ 
using a glass electrode (potentiol eter Moskip I P-5 biphthalate buffer with pH 4-00, 
5-10°3). K. was calculated by the equation 


of the partly neutralized solutions 


temperature 20°. acid concentration 


(Na) K 


Oo 0-05 pA 
sults of the determination ol ionization constants of 


within the experimental error ¢ 


In Table 5 are listed the re 


phosphorus thio-acids in 7 per cent? and 80 per cent alcohol by weight. 


As seen from Table 5 the 1onization constants ol phosphorus monothio-acids 
contrary to those of dithio-ac ds are steadily increasing with increasing Lo. In Fig. 3 
the pK, of phosphorus nonothio-acids is plotted against Si. Thus, for acids with : 
>» | in 80 per cent alcohol one can see a Bo \d linear relationship. This region 
wrresponds to acids whose tautomeric equilibriu has been shown to be sh fted 


thione for! 
The least squares treatment resulted in pA 2-00, p 1-329 with the corre- 

| ] 
ne 0-998. Where 2 1. one observes deviations Irom 


lation coetihicient, de 


nt alcohol the deviations start at 


4 

4 


linearity, the greatet 


lower values of Lo so that only the points with ds ? make the extrapolation 
reliable. Thereby pA, 0-69, p, = 0-924, and r, 0-962 


abac d SSSR 121 (1953). 
Bacon and W. M. Le 5Suer J. Amer. Chem. o 76, 670 (1954) 
sounds D. 212. AN, Moscow (1957) 


l 
N_N. Godovikov, Chen ad Application of Organophosphorus Compounds 
M Kabachnik, T. A. Mastrukova 4. E. Shipov and r. A. Melentyeva, Do jkhad. Nauk SSSR 124, 


+28) 
: 
| 
he estimated to be 10 to 10 ynd m any case A 
N H A 2-6). Therefore may be dis 
reg | A ork i | luce to the 
is clec ) qu 1 cxion of chart is well 
consta cer i ure sufficient ow (ronin Tores 0-O1) and conditions are strictly constant 
oe y ip ce om ss used because some of the acids ul ler investigauion are not soluble in pure water. 
L. Carius, / 112. 190 (1859); 119, 291 (1861) 
“Pps 44 
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Table 5 lists the deviations from linearity of acids 1 to 8 (Column 6) as well as the 
tautomeric equilibrium constants calculated therefrom in terms of equation X 
It will be seen that at high So(Se 0-8) the equilibrium is character- 


(Column 7). 
ized by an increased amount of the thiol form. particularly in the 7 per cent aqueous 


alcoholic solution. In this solvent the two forms of diisobutv! thiophosphoric acid 


80 per cent alco 
percentage Is rapid! 
The deviations 


to follow quantita- 


tively the effect of the structure of phosphorus thioacids and the nature of the solvent 


on the equilibrium of tautomeric fort 


In turn, the tautomeric equilibrium constants must correspond to the Hammett 


equation 
pk, = pK, (XI) 


The plot of pK, versus Xo in 7 per cent and 80 per cent alcohol is given in I ig. 9. 
It will be seen that the linearity is fairly good. The conventional treatment resulted 


‘ 
a 
4 
€ 
‘ 
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~ 
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for 7 per cent alcohol in log A 0-74, p 1-172, r = 0-970 and for 80 per cent 
£ 
alcohol log Le 0-85, Py 9-139. 7 0-961. 
These data allow to calculate the percentage of thiol forms of all compounds 


under investigation in 7 per cent and 80 per cent alcohol, the data being listed in 


Table 5. Column & 


In the same column are listed comparative data previously obtained with some 
acids using another method.‘** he agreement is seen to be rather satisfactory 
particular lv if one bears in mind that the two methods are based on different principles. 


I Bror 
RR’POOH 


| 
: 
| 
— 
7 
2 ao i 
ve to 4 
sho ‘ nt 
\ ) RB veria cor i of different 


Tetrahedron, 1960, Vol. 9, pp. 29 to 39. Pergamon Press Lid. Printed in Northern Ircland 


DER NACHWEIS DER ZWISCHENSTUFE BEI 
NUCLEOPHILEN AROMATISCHEN SUBSTITUTIONEN MIT 
ELIMINIERUNG; ZUR STRUKTUR DER ARINE* 


R. HuisGen, W. Mack! und L. Mésrus* 


Institut fiir Organische Chemie der Universitat Miinchen 


( Received 29 Septembh ] 159) 


Zusammenfassung— Bei der Freisetzung des Benz-ins aus Fluor- oder Chlorbenzol ist Lithiumpiperi- 
did in Ather bei 20 27 bzw. 70 mal aktiver als Phenyllithium. Andererseits addiert das Benz-in, wie 


K onkurre! versuche aas Pher vilithium 4-4 malt ischer als l itl umpiperidid Diese Diskre- 


panz zwischen Bruttoreaktionsgeschwindigkeit und Produktbildung beweist das Auftreten einer 
auswahlfahigen Zwischenstufe. Da die Natur des Halogens die Reaktivit at nicht beeinflusst, muss die 
Zwischenstufe halogenfrei sei 

Im gleichen Syster Phenyllithium,Lithiumpiperidid in Ather, zeigen 1,2-Naphthin und 9,10- 
Phenanthr mit SS o7wW 12-8 héhere Konkurre konstanten Die steigende Selektivitat der 
Arine geht auf die zunchmende Bindungsenergie der Zwischenstufe als Folge der Verkurzung des 


Abstar 


strac thium piperidide in ether at 20° is 2 mes more efficient in the formation of benzyne from 
rac pil 

fluorobenzene, and 70 1 esi re efficient with cl robenzene tha s phenyllithium. On the other 
hand, as competitior kperiments reveal, De yne adds im 4-4 times as readily as im 


piperidide This discrepa yetween rate « 


presence of a select rhe does not influence 
the procuct cor posilio ore, tne termediate rded as halovge rec 
In the same syste p \ ind piperidide € 1,2-naphthyne and 9,10- 


inereas 


decreasing 


(A) Zum Eliminierunesmechanismus der nucleophilen aromatischen Substitution 

Die schon von Wittig® vermutete nucleophile aromatische Substitution mit prima- 
rer Eliminierung wurde in den Jahren 1953 54 von Roberts und Mitarbb. fiir die 
Aminierung der Halogenbenzole sowie von Huisgen und Rist” fiir die Reaktion 
der Fluoraromaten mit Phenyllithium experimentell gesichert. Die charakteristischen 
Umlagerungen unter Einbeziehung der o-Positionen dienten als Indiz. In zahlreichen 
Arbeiten wurden seitdem die Giiltigkeitsgrenzen dieses bedeutsamen neuen Substi- 


tutionsmechanismus abgesteckt und dessen praparative Nutzbarkeit studiert.° Der 
* Nucleophile aromatische Substitutionen, XV; XIV. Mitteil.: R. Huisgen, W. Mack, K. Herbig, 
Ou und I Anneser, Chem. Ber. 93, im Druck (1960) 


Aus der Dissertat. W. Mack, Universitét Miinchen (1959) 

Aus der Diplomarbeit L. Mobius, | versitdat Miinchen (1959) 

G. Wittig. Naturwisser haften 30, 696 (1942) 

‘<j PD. Roberts. H. E. Simmons, L. A. Carlsmith und C. W. Vaughan, J. Amer. Chem. So 
J. D. Roberts. D. A. Semenow, H. E. Simmons und L. A. Carlsmith, /bid. 78, 601 (1956) 

R. Huisgen und H. Rist, Naturwissenschaften 41, 358 (1954); Liebigs Ann. 594, 137 (1955); R. Huisgen 
und H. Zirngibl, Chem. Ber. 91, 1438 (1958) 

® Vel. dic Zusammenfassungen von G. Wittig, Angew. Chem 69, 245 (1957); J. F. Bunnett, Quart. Rev. 12, 1 
(1958): E. F. Jenny, M. C. Caserio und J. D. Roberts, Experientia 14, 349 (1958); R. Huisgen und J. Sauer, 


demnichst in 


N 


75, 3290 (1953); 


ingew. Chem 
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dies Zuruck 
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R. Huiscexn, W. Mack und L. Mostus 


klassische Additions- und der neue Eliminierungsmechanismus der nucleophilen 
aromatischen Substitution wurden gelegentlich in Konkurrenz gefunden, so bei der 
Umsetzung der I luornaphthaline mit Alkaliamiden’ oder der alkalischen Hydrolyse 


des Chlorbenzols.* 
Fiir mechanistische Untersuchungen erwies sich dic Reaktion der Halogen- 
aromaten mit Lithium-dialkylamiden in Ather als giinstiges Studienobjekt. Die 


Lithiumbase setzt unter HHal-Abspaltung die als Arin (aryne) bezeichnete Zwischen- 


stufe frei und addiert sich anschliess¢ nd an diese. Wenn man die entstehende lithium- 


organische Verbindung rasch mit freiem sekundaren Amin entmetalliert, gelangt man v 
zu den Aryl-dialkylaminen in guter Ausbeute ' Kinetische Studien sprechen fiir 
einen einheitlichen Che us der Arinbildung aus Halogenaromaten mittels 
lithn rganischer Verbu wen oder Lithium-dialkylamiden.’® Danach 1st die 
o-Metallierung mit / tets der lat smste Teilschritt: Lithiumhalogenid-Abspaltung 


in raschen 


Modellsyste t so tiefem “Energietop! ’ dass die Zwischenstufe mit physikalischen 
Die Weg 


Fine andere Nachweismdéglichkeit det Zwischenstufe griindet sich aul deren 


Diese Fihigkeit wird 


im A urrenrre uch gepruit: eme Diskrepan7 re n Reaktionsg chy indigkeit 
und Produktbildung macht die Zwischenstufe evident. Solche Konkurrenzversuche 


erméglichten beispielsweise den Nachweis det Carbonium-Zwischenstufe bei Syl- 

Reaktionen.* 
lisgen und ier Mack und I. Ziegler 
j Chem. Ber. 92, 441 (19> J. F. Bunnett u T. K. Brot J. Amer. Chem. S 78, 6265 (1956) 

\ ottini und J. D. Roberts, J. Amer. Chem. Soc. 79, 1458 (1957); vgl. A. Littringhausund D. Ambros, 

| R. Huisgen und J. Sauer, Chem. Ber. 91, 1453 (1958): ° J. Sauer, R. Huisgen und A. Hauser, Ibid. 91, 
14¢ 1958) 


R. Huisgen und J. Sauer, Chem. Ber 92, 192 (1959) 

R. Huisgen, W. Mack, K. Herbig, N. Ott und FE. Anneser, Chem. Ber. im Druck 
12 LC. Bateman, E. D. Hughes und C. K. Ingold, J. chem. Soc. 969, 974 (1940); Vgl.C. K. Ingold, Structure 
and Mechanism §. 350-355, 360-373. Bell, London (1953) 


; 
(k.) zu Arin und Entmetatiierul Py tiie 
] } Lit! ) pe! Bei Bron und Jodbenzol ist 
| 
A 4 Ho 
| ein die einleitende Metallierung die Reaktions- 
die LiHal-Abgabe so s dass cinleitende Metallierut 
gescl d eit ¢ ny a i Uill \ \ nt 
len ¢ A n der aromat Verbine nven 
aus Arvibromid erden Gaher \ 
aiktiert.” 
j Kr teric eichnen n das ais / also ais Le 4 
Ene der Substitut sreaktion? Es gib ehrere Méglichkeiten, Zwischen 
‘ ry te ht auf der Wahl substituierten 
ef 
scheint bei den Arinen hoffnungslos, solange dieselben nur Uber metallorganische 
“4 Verbindungen zugiinglich sind Alle metallorganischen Reagentien addieren sich 
nal 
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Der Nachweis der Zwischenstufe bei nucleophilen aromatischen Substitutionen 


(B) Konkurrenzversuche mit Benz-in 


Normalerweise addiert sich das Arin-freisetzende Agens anschliessend an die 
Zwischenstufe. Ausnahmen sind bekannt. Die Bildung des Diphenylamins aus 
Chlorbenzol, Kaliumamid und Kaliumanilid in fliiss. Ammoniak"™ interpretiert man 
heute mit einer Freisetzung des Benz-ins durch Kaliumamid und nachfolgender 
Addition des Kaliumanilids. 

Auch die Vereinigung des Benz-ins mit Dienen nach Wittig bietet ein Beispiel 
fiir die Reaktion mit Verbindungen, die zur | reisetzung des Benz-ins nicht befahigt 
sind. Gerade dieser Autor betonte in jungster Zeit, dass ein einwandfreier Nachweis 
der Arine und ihres Zwischenstufencharakters noch nicht vorliege. Er diskutierte 
auch die mégliche Einbeziehung der Reaktanten in die zum Arin fiihrende LiHal- 
Abspaltung; ein blosser Ubergangszustand wiirde hier zur Produktbildung aus- 
reichen 

Lithiumpiperidid vermag aus Chlorbenzol in Ather bei 20° ca 70 mal rascher 
Benz-in freizusetzen als das stirker basische Phenyllithium.’® Auf diese Diskrepanz 


zwischen RG und Basizitét griindet sich ein hiibsches Konkurrenzphiinomen. das 


wir als *“*katalytische Phenylierung’’ der Chloraromaten bezeichneten.” Die langsame 


Biphenyl-Bildung aus Chlorbenzol und Phenyllithium lisst sich durch bescheidenen 


Piperidin-Zusatz beschleunigen. Das momentan aus Piperidin und Phenyllithium 
erzeugte Lithitumpiperidid setzt aus Chlorbenzol das Benz-in rasch frei. Bei der 
anschliessenden Konkurrenz der beiden Lithiumbasen um Benz-in ist das Phenyl- 
lithium erfolgreiche 


Die Summierung von (3). (4) und (6) zeigt die katalytische Funktion des Amins bzw. 
Lithiumamids 


C,H,Cl+ LiC,.H, C,H,-C,H, + LiCl 3+4+46) 


F. W. Bergstrom, R. E. Wright, C. Chandler und W. A. Gilkey, J. Org. Chem. 1, 170 (1936): R.F Wright 


ttig und hmer, Chem , 1334 (1956); G ittig und R. Ludwig, Angew. Chem. 68, 40 
(1956): G. Wittig und E. Knauss, Chem. Ber. 91, 895 (1958) 
> G. Wittig und H. Harle, Liebies Ann. 623, 17 (1959) 
Huisgen, J. Sauer und A. Hauser, Angew. Chem. 69, 267 (1957); Chem. Ber. 91, 2366 (1958). 
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> 
HNC.H LiIC.H > C.H LiINC.H (1) 
‘ LINC..H > n HN¢ H (3) 
CoH, + H (4) 
Li 
NC 
5) 
| + HN > -H. LINC<H (6) 
ce 13 
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Diese Diskrepanz zwischen Reaktionsgeschwindigkeit und Produktbildung haben 
wir jetzt auf eine exakte quantitative Basis gestellt. Die aus Quecksilber-diphenyl und 
Lithium bereiteten, salzfreien Phenyllithium-Lésungen ergaben nach Gehaltsbestim- 


mung und Umsetzung mit gewogenen Piperidin-Quantitaten ca. 1 m-Atherlésungen 


mit genau bekannten Verhiltnissen an Phenyllithium und Lithiumpiperidid Wir 
brachten Chlor- oder | luorbenzol mit dem 10-12-fachen ()berschuss an den beiden 
Lithiumbasen in siedendem Ather zur Reaktion. Im Anschluss an die Hydrolyse 


wurde destilliert und in basische und neutrale Produkte getrennt, die IR-Analyse 


lieferte die in Tabelle 1 angefiihrten Ausbeuten an Bipheny! und N-Phenylpiperidin. 
TABELLE 1. KONKURRENZVERSUCHE DER HALOGENAROMATEN MIT UBERSCHUSSIGEM 


PHENYLLITHIUM LITHIUMPIPERIDID IN SIEDENDEM ATHER IR-ANALYSE DER PRODUKTE 


mMol Lithiumbaser mMol Produkte 
Mol Ar-Hal 
LiC,H Ar-C,H Ar-NC,H 


Bei freier Konkurrenz der I ithiumbasen um die Zwischenstule Benz-in gilt, dem 
MassenwirkungsgesetZ folgend 
dt 
dC 
dt 
ke (LiC,H,) 
d(C NC Hypo) k, 


k ,{Benz-in)( LiC,H,) 


k,'(Benz-in)( LINC, 


2 
te 
| 
> 7 sO 9-55 4-85 
2 20 Fluorbenzol 75-0 150 9-18 
; 10 Fluorbenzol 89-5 70-0 6°70 1-43 
4 10 Fluorbenzol 56-9 95-5 2-06 
%” Chlorbenzol 100 100 14:3 
6 Chlorbenzo 90-0 120 11-65 +18 
1-Fluornaphthalin 75-0 150 11-08 1-88 
g 1-Flu phthalin 60-0 180 9-30 6-07 
9 10 ilin R9-5 70-0 8-73 1-53 
10 10 1-Fluor thalin $6°8 
1] 15 ren 102-5 105 110 1-00 
1? 1s 94 thren 130-5 100 11-0 0-75 
a 13 10 9-Chlorphenanthren 71-5 114 6-04 0°55 
(b) Ve icne im Br-haitige ifheriosu 
14 20 Fluorbenz 100 100 9-40 3°36 
15 | wh 1-60 6 70 
16 Chior 100 100 10-0 3-72 
17 $0-0 150 3-72 6°70 j 
18 10 9-Fluorphenanthre 100 100 5°40 0°54 
19 10 enanthren 150 50 6°73 
9Chlorphenanthre: 40 160 2-33 1-22 
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Da die Konzentrationen an Phenyllithium und I ithiumpiperidid — die Lithiumbasen 
befinden sich in grossem Uberschuss — inerster Naherung konstant sind, ist der Uber- 
gang von den Differentialen zu den Differenzen bzw. zu den Gesamtausbeuten erlaubt. 
Das Ausbeuteverhiltnis von Biphenyl und Phenylpiperidin sollte somit eine lineare 
Funktion des Verhiiltnisses der Lithiumbasen sein, wobei die Steigung der Geraden 


dem Quotienten der spezifischen Additionsgeschwindigkeiten entspricht. 


0 


din 


= 3-OF 
=| 
2:0 
z 


© Fluorbenzo! 
aa 


Chiorbenzoi 


Zu einer | 


zentrationen der Lithiumbasen diejenigen nach 50 Umsatz verwendet und beriick- 


yesseren Niherung (10) gelangt man, wenn man statt der Anfangskon- 


sichtigt, dass letztlich die ganze Arin-} reisetzung auf Kosten des Phenyllithiums 


erfi 


(2LiC,H C.H.Hal 10 
: : (10) 
(C.H;-NC-H,,) ke (2LiINC.-H,, C,H;-NC.H,,) 
Nach Fig. 1 bestimmen die Messpunkte fiir Chlorbenzol und Fluorbenzol 
tatsachlich eine durch den Koordinatenschy ttpunkt ftihrende Gerade. Die mit det 


Steigung gleichzusetzende Konkurrenzkonstante betragt 4-4, d.h. das Benz-in gibt 
dem Phenyllithium bei der Addition einen 4-4-fachen Vorzug vor dem Lithium- 


piperidid. Stellt man dieses Phinomen den Bruttoreaktionsgeschwindigkeiten 


gegeniiber—Phenyllithium setzt das Benz-in 27 bzw. 70 mal langsamer aus Fluor- bzw. 
Chlorbenzol frei als Lithiumpiperidid!®,—dann liegt in dieser Diskrepanz das un- 
triigliche Kennzeichen der auswahlfiihigen Zwischenstufe. 

Kann das o-Lithium-halogenbenzol die auswahlfihige Zwischenstufe sein? Schon 
oben wurde betont, dass die Brutto-RG im wesentlichen von der Bildung dieser 
o-metallierten Verbindung bestimmt wird. Triftige Griinde sprechen dagegen, dieser 
Zwischenstufe die fiir die Produktbildung verantwortliche Auswahlfahigkeit zuzu- 
schreiben. Die Konkurrenzkonstante ist gemiss Abbild. | fiir Fluor- und Chlor- 
benzol gleich. Auch wenn die Addition der Lithiumbase an ein Arin von geringerer 


4 oO + T 
4 
02 0-4 06 0-8 
Phenyl lithium 
th ur n pe 0 d 
I Konkur P hiu peridid in der Addition an Benz-ir 
a Die Ki Lithiu korrigiert. @ und @ 
i 
= Versucl LiBr-fi Lésu Versu ind A war (LiB LiC,H.) 
LiNC,.H,,) 
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Bindungssymmetrie zu 2 stellungsisomeren Produkten fiihrt, lisst die Halogen- 
Arylhalogenid Keinen Einfluss auf das Isomerenverhiltnis 
p-Fluor-, p-Chlor- und p-Brom-toluol mit I ithiumpiperidid 


variation im setzicn 
erkennen. So licfern ctwa 
bei starken Unterschieden in det Reaktionsgeschwindigkeit ein und dasselbe Gemisch 


von N-[m-Tolyl]- und N lolyl]-piperidin.” Das aus 1- oder 2-Chlor-, -Brom- oder 
Jodnaphthalinen hervorgehend Gemisch von 1- und 2 Piperidino-naphthalin ist mut 
31: 69 unabhingig von Stellung und Natur des Halogens.” Auch die Umsetzung 
on Halogenbenzol-{1-“C] mit Kalman ‘d in flliss. Ammoniak lieferte dic Iso- 


om Halogen (Cl, J) unabhingigen Verhiltnis.* 


Wir schliessen daraus, dass di! auswahlfihige Zwischenstufe das Halogen nicht 
mehr enthdlt. Da cine metallverb: ickte kationische Zwischenstufe wenig wahr- 
scheinlich ist sich die oben nachgewiesen¢ auswahifiihige Zwischenstufe als 


jas Produkt der HHal-Eliminicrung aus Halogenbenzol, das Benz-in C,H, zu 


erkennen 

B mseren ersten Konkurrenzversuchen im system Phenvllithium/Lithium- 
piper i enthielt die all che Lésung cine den Lithiumbasen aqui alente Menge 
mid ler Dars ne des Phenvllithiums aus Brombenz und Lithium 
herriihrend. Auffallenderweise bestimmen die mit Fluor- und Chlorbenzol erhaltenen 
Resultate (Tabel l eme it anderer Steigung, dic ciner Konkurrenz- 
ké yn 2-9 entspr + (Fie. 1). Wir vermochten jungst zu Zeigen dass sich 
Lit! niperidid und Phenyliithium mit | ithiumhalogeniden zu Atherlésli hen, recht 
stab l-Komple cl een. die nicht mehr zul HHal-Abspaltung aus 
Ha nbenzolen bel « <ind!*® Fig. 1 bietet nun den Nachweis, dass diese Kom- 
plexbildung mut LiBr auch die Addition der Lithiu hasen an das Arin massgebend 
hecinflusst. Unter der unbewresenen Annahme. dass sich nur dic freten Lithiumbasen 
in B 1 anla h aus det inderten Konkurrenzkonstante schliessen, 


ums durch das I ithiumbromid noch etwas 


(¢ nierschied he Selektivitdten der Arin 
rrotz des nicht unerheblichen experimentellen Aufwandes schien es uns lohnend, 
K onkurrenzkonstanten verschiedener Arine zu vet ‘leichen. Bieten doch diese 
Konstanten cin Mass fiir di Selektivitat einer Zwischenstufe. Eine schr “heisse”’ 
Zwischenstufe die Aktivierungsenergicn der Weiterreaktionen sind gering wird 
nul eringe Auswahlfihigkeit entiaiten und im Grenzfall statistisch mut dem 
niichstbesten Partner reagieren. Mit zunehmender Aktivierungsenergic steigt die 
Selektivitiit eines Reagens stark an 


Wir haben das gieiche Paar von Lithiumbasen auch in der Addition an 1-2- 
aus I-l luornaphthalin erzeugt W urde. konkurrieren lassen. 


Naphthin (11), welches 


1458 


Wittie. F. J. Meyer und G. Lange, 


i N. Bleeker 


; 
dass aic Kompic AC bindu! rne 
StTATACT als aie acs ul pipenid as 
kK 0 K xt dic Lithumbas 
} \ Ar Frag M rweise sind 
q G we Konk k tanten. Der n beschricbenen Auswert 
er stant it das allerdings Keine Abt 
Vel. die Diskussio 
2 R. Huiss W. Mack. Chem. Ber. 93, im Druck (1960) ; 
1H. Se 7. Physik. Chem. Abt. A 151, 234 (1930) 
R. Huisgen, H. K une, Chem. Ber 92, 424 (1959) : 
: 
; 
P's 
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Phenyllithium und Lithiun piperidid lagerten sich in ier beschriebenen 
Isomerenverhiltnissen zu 1- und 2-Phenvl- bzw. 1- un dino-naphthalin an. 
Die Molverhiltnisse der Lithiumbasen und die Ausbeuten an nyl- und Piperidino- 
naphthalinen gemiss IR-Analyse sind der Tahbell u en nhmen. Die Versuche 
Nr 7-10 definieren in Fig. 2 wiederum eine Ger ide, ; leren Steigung sich eine 


Konkurrenzkonstante von 5-8 errechnet 


Auf gleiche Weise liessen 
Phenanthrin (L111) konkurrieren 
viel steilere Gerade, die sich aus den Versuchen | , le 
III bei der Addition das Phenyllithium um den Fakt 8 VOI n thiumpiperidid 


} 


bevorzugt. Versuche in LiBr-haltiver Lésune (Nr 18-20 d Tabell viesen auf 


10 als etwas niedrigere Konkurrenzkonstante 
Die Konkurrenzkonstanten einiger ( arbonium-ionen im System Cl H.O seien 
zum Vergleich angefiihrt 
riphenylmethyl-** 3100 
tert. Butyl-** 180 


Phenyl-*4 


44, 45 (1948) 


. 
4 
“i 
A 
K P Lit ny B 
i] Die K 
3 
a 
* Voriduf. Mitt trag 
orlaul. Mittei \ A dé-Symposium. London (1958): Theoretical Chemistry S. 158 
Butterwort! Lon LY58) 
~ G. Swain, C. B.S t 1K. H. Lohmann, J. Amer. Chem. Soc. 75. 136 (1953) 
23 
) 5A G. Ogston, E. R. Holiday, J. S. L. Philpot und L. A. Stocken. Trans. Farad Soc. 4 
* E. S. Lewis, J. Amer. Chem. Soc. 80. 1371 (1958) 
| 


R. Hutscen, W. Mack und L. Mostus 


W enngleich das Phenvl-kation ein viel stirkeres Arylicrungsmittel ist als Benz-in,™ 


wird man auch das letztere noch aufgrund seiner niedrigen Konkurrenzkonstante 
Naphthin und 9,10- 


als “‘heisses’’ Agens ansprechen In der Folge Benz-in, | 


Phenanthrin lic Zwischenstufen sfeigende Auswah iekeit. einer zuneh- 
menden des “Energictopfes” entsprechend. Welche stabilisierende Faktor 


der Arine in der angegebenen Folge verant- 


(D) Di 


Alle unsere 
erfolglos. Wir 


h hw iche 


Extraelektronen 

anderen Extrem 

ung einbezoge- 
entfalten 

iseiner extremen 

en 7-Elektronen 
Bindungshybridisierung 
etriecigenschal- 
en 7r-Bindung: sic kommen der sog. 7 Bindung 
‘ich somit unser Symbol des Arins mit den 
111.) auch nicht ganz korrekt 1st, scheint es uns den aromatischen 
harakter der Zwischenstufe starker zu betonen und weniger zu Missverstandnissen 
ve Cvclohexadienin-Formel.*** 
Wenn die Extrabindung des Benz-ins durch eine relativ schwache | berlappung 
Orbitals zustandekommt, dann sollte sie von einer thstandsverkiirzung der 
effenden C-Atome erheblich profitieren. Die CC-Bindung des Benzols, die 1,2- 


Bindung des Naphthalins und die Phenanthren-9,10-Bindung zeigen nun eine mit 


steigender Bindungsordnung (bond order) abnehmende Bindungsliinge; die R6ntgen- 
strukturanalyse vermochte diese Abstandsverkurzung experimentell zu sichern 
Alkali-phenolat, i d ze llendes Benzoldiazoniumsalz schon 
sch, Ber. Di _ 3705 (1890); DRP 58 001 (Friedlander: 
msalz lagert sog ovalentes Halogen an der Elektronen- 


aus avoniun 
G. Makarova und Tetrahedron 1, 145 (1957) 


ist nun die wachsende scicktivitat 
Die cinleitende Eliminicrung des neuen Substitutionstyps ts! soweit bisher be- 
kannt, auf Na nen des aromatischen Kerns beschriink 
Bemiihungen andere a | 2-1 nierungen zu erzicien, waren eS 
Bind i] pidacn e kine € dieser neuen B une Scheint dit Zwische nstufe des 
“a Der | B ns diirfte sich zwischen den extremen Formulie- og 
r 
7 } 
R 
€ 
( 
* 
one lucke an 4. N. Nesmevanoy, | 
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(Tabell2). Die vom Benz-iniiber | ,2-Naphthinzum9,10-Phenanthrin zunehmende Stabi- 


lisierung die sich in steigender Selektivitit dussert. geht somit auf die wirksamere 


l berlappung der Extraorbitals als |} olge der Bindungsverkiirzung zuriick, 


EXPERIMENTELLER TEII 


LiBr-freies Phenyllithium 


Vorschrift von Schlenk und Holt; ist fur die Herstellung grésserer Quantitaten wenig 


im werd 50 cc Paraffiné! im 200 


cc-Weithalskolben bei 210 (Innentemp ) unter 
7erstaubt. wobei 


stickstoffdusche mit dem Ultraturrax (Fa Janke Kunkel) bei miassiger Drehzah 


BELLE 2. BEZIEHUNG DER ARIN SELEKTI ATEN ZU DEN BINDUNGSORDNUNGEN IN DEN 


ZUGEHORIGEN KOHLENW ASSERSTOFFEN 


Naphthalin-1 ,2 Phenanthren-9,10 


einen mit 


rsehenen 


dle inachst bei 127°/0-001 Torr destilliert, dann aus dem 10- 


dem spontane Auts i des A I Be ruter Eiskiihlung tra i oO ons- 
b 15-20 Mir eitere 130 g Quecksilberdip y ter Stic lusch 1 Riihren ein. 
Anschliessend riihrt man 30 M nter Eish ung und erwarmt noch 5 Min zum gelinde 


athe Abschluss der Wasserstoffentwicklung 
versetzt; die Ammoniakfreiset £ runrt von der nicht st6renden Lithiumnitrid-Bild ing her. Nach 
Zugabe von 2 N HCI trennt man 72 73 g Quecksilber im Scheidetrichter ab 


GCenhaitsbestimmun Die acid metrische Titratior ich Hy irolyse des Phe vilithiums erfasst auch 

den Anteil der Atherspalt ing. Bei Alkyllithium-Lési ngen lasst sich dieser Anteil nach Zugabe von 

Benzyichlorid titrieren:** bei Phen, ithium versagt diese Methode. Nach Ubertf ihrung in Lithium 


Piperidid fanden wir die Halogenabspaltung aus reaktiven Arylbromiden brauchbar: Lithiumathvlat 


reagiert dabei nicht 


*° C. A. Coulson, Proc. Roy. So. A 169, 413 (1938); C. A. Coulson und H. ¢ Longuet-Higgins, Re Si 
85, 929 (1947) 

“ H. O. Pritchard und F. H. Sumner Proc. Roy. Soc. A 226, 128 (1954) 

**° 'W. Schlenk und J. Holtz, Ber. Drs, h. Chem. Ges. 50, 262 (1917) 

*° H. Gilman und A. H. Haubein. J. Amey Chem. Soc. 66, 1515 (1944) 


3 
Pecirnct 
Benzo | 
d SO 
Bind re \ 
: } 1-365 
4 K onkurre Konstante der 
A rine Systen 
LiC,.H, LiNC.H 5 
man die Temp. langsa 180° fa st. Nach 
ich Erk unter Re CKStoll setzt man 
Be Gras rohr, Tropftrichter und b Boden des Gefiisses reich n Heberrol 
Sticksto man die mattglanzende, 
et Paraffin6é tul die gleiche Weis« spult man mehrfach mit 
A the 
lachc cht Athano mkristalli 
Dreihalskolt t Int Liickfluss! 
( ens Riick SSk er und Rihrer rt man die oben bereitete 
pensio 0 ¢ bs. Ather r. Nach Zugabe von 10 g gepu Quecksilberdipheny! 
riihrt n 1-2 Min unter R tickstoff b \ ) Send 
2 
‘ § e ab: d OSI I 
| die ich Absitzen des 
cerschiags Klare, hellgelbe Lésung dim Kihlschrank aufbewahrt 
ae Der im Kolben verbliebene schwarze Schlamm. der an der Luft selbstent llicl 
it 


R. Hurscen, W. Mack und L. MoOsius 


In einem Reaktionskélbchen, wie sie fur kinetische Messungen verwendet wurden,’” vereinigten 
wir 9 mMol wasserfreies Piperidin in 20 ce Ather, 3-00 cc einer ca. 1 m Phenyllithium-Lésung und 
6 mMol m-Bromanisol unter Stickstofl Nach 15 Min wurde hydrolysiert und das Bromidion mit 


0-1 N Silbernitrat pote ymetrisch titriert 


Auch 9-Bromanthracen und m Bromchlorbenzol eigneten sich als aktive Halogenverbindungen, 
wihrend 9-Bromphenanthren um 2 niedrigere Werte ergab Durchweg lieferte diese Bromidti- 


tration 90 +. 1°% des acidimetrisch ermittelten Phenyllithium~ sehalts. Die Umsetzung des Phenyl- 
thiums mit 1,2-Dibromathan ind Hydrolyse ich 5 Mine eab das gieiche Resultat Auch das 
LiBr-haltige, aus Brombenzol bereitete Phenyllithium zeigte die Diskrepanz zwischen den beiden 
Methoden der Gehaltsbestimn g 

Wahrend LiBr-haltiges Phenyllithium |! Ather praktisch titerst ibil ist. war bei dem LiBr-freien 
nach 6 Stdn Riickflusskochen in Ather | ittels der Bromidmethode eine Abnahme von 3°* zu verzeich- 


nen 


It zugrunde. Bei 


Den Konkurrenzversuch esten wir den acidimetrischen Phenyllithium Gehalt 


Bromidmethode fuhren die Gerad der Abbild. | und 2 nicht mehr 


Konkurrenzversuche mit Phen) llithium|Lithiumpiperidid Benz-in | 1) 


Versuch Nr. 1: Im 1 |-Dreihalskolben mit Riihrer und Intensivkihler wurden 209-5 ce atherische 
Phenvllithium-Lésung (228 mMol) mut 15-0 cc reinem tiber Lithtumbyarid destillierten Piperidin 
(150 mMol) in 150 cc Ather iter Reinstickstofi versetzt In die gerihrte und ruckflussiedende 
Lésung wurden 1-92 ¢ | rbenzol (20-0 mMol) in 20 cc Ather cingetragen Nach 3 Stdn Kochen 


Aufbewahren tiber Nacht be Raumtemp. wurde unter Eiskiihlung hydrolysiert Die mit KOH 


und 
getrocknete Atheriosu wurde iiber eine Drahtwendel-Kolonne bei hohem Riicklaufverhaltnis bis 
vertkolben wurde der restliche Athet 


25 abdestill li nem kleimen Sch 


unter 


1t wurde in 15 cc spektraireinem 4 vclohexan gelést und mit 3 mal 5 cc 4 N Salzsaure 
der salzsaure Auszug wul ic nochmals mit 4 cc Cyc! yhexan ausgezogen Die Cyclo- 
wurden im Messkolb« wuf 25-0 cc aufgefiillt und uber KOH getrocknet. Die IR- 


A nalvse des Bipheny!s erfoigte in Get 0-2 mm-Fixkiivette des Perkur Elmer Spektrophotometers (Mod 
71): im Vergleichsstrahl wurde mut ¢ yclohexan in gleicher Schichtdicke kompensiecrt Die wie 
friiher definierten Extinktione der Banden bei 700 und 738/c vaben lineare Eichkurven Von den 
refundenc 1-775 Biphe vi war der Gehalt der Phet vilithhum l osung abdzu ichen In 100 cc 
Los de eichen Charge wurden nach sIvse und Aufarbeitung wie oben 0:1 $32 Biphenyl 
nachgewiesen. Die korrigierte Biphenyl! Ausbeute betrug 1-475 0-025 2 (9-55 mMol) 


Der salzsaure Auszug wurde untet! Fiskiihlung mit festem KOH sIkalisch gemacht. Das Phenyl- 


piper schiittelten wit Cyclohexan ¢ brachten dic Ausziige auf 25-0 cc und unterwarien nach 


¥Trocknen tiber KOH der IR-Analyse Wiederum liessen sich die linearen I ichkurven der Banden des 


N-Phenvipiperidins bei 1600, 1502, 1385 ind 1235/cm bequem auswerten, Vergleichspraparat 
N-Ph ) ridi Piperidin stért die Bestimmung nicht. Die Lésung enthielt 0 782 0-012 ¢ 


o Binhe vi u d N-P vyipiper vabe 0 ind 93 
der Base 


| .2-Naphthin 


Versuch N 1 (Tahelle 1): Durch Zugabe von 150 mMol Piperidin zur atherisches Lésung von 


2725 mMol Phenyllithium wurc ne Lésung erhalten, die Phenyllithium und Lithiumpiperidid im 


Verhiltnis 1 :2 enthiclt. Diese LOsung in 355 cc Ather wurde mit 2°92 g |! Fluornaphthalin (20-0 m 
Mol) 10 Stdn riickflussgekocht. Unter diese Bedingungen, hohe Lithiumpiperid d-Konzentration und 


A bwesenhe t von P peridin rfolet di Substitutior vanz nacn dem I iminiecr ingsschema Nach der 


Hydrolyse wurde der Ather uber cine Kolonne abdestilliert anschliessend das Pipe idin bis 90 12 
orr entfernt. Die Destillation des Riickstandes lieferte bei 120-220° (Badtemp.)/10 Torr 4°55 g 


I 
2-551 2 davon wurden in IR-reinem ¢ vclohexan gelést und wie oben in neutrale und basische Anteile 


’G. Wittig und G. Harborth, Ber. Disch. Chem. Ges 77, 306 (1944) 
cil S. 1470: vel. R. Huisgen und R. Grashey, Liebigs inn. 607, 46 (1957) 
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zerlegt. Die quant. IR-Analyse der isomeren Phenyl-naphthaline und Piperidino-naphthaline wurde 
schon friiher* beschrieben. Die fiir 1- und 2-Piperidino-naphthalin angegebenen Banden bei 773 
bzw. 744/cm erwiesen sich hier als gestért. Fiir den Gehalt an 2-Isomeren ergaben die Banden bei 1217, 
1137 und 836/cm iibereinstimmende Werte. Das 1-Piperidino-naphthalin liess sich nicht genau 
bestimmen und wurde auf der Grundlage des friiher ermittelten Isomerenverhiltnisses (30 : 70*) 
berechnet. Analysenresultate (auf die Gesamtausb. bezogen): 0-823 g 1-Phenyl (4:03 mMol) und 
1-44 g 2-Phenylnaphthalin (7-05 mMol); 0-720 g 2-Piperidino-naphthalin 3-42 mMol); fiir das 1- 
Isomere ber. 0-309 (1:46 mMol) 


9,10-Phenanthrin 
Vergleichspraparate: 9-Phenyl-phenanthren.® 9-[N-Piperidino]-phenanthren: Vorteilhafter als 
die thermische | msetzung des 9-Bromphenanthrens mit Piperidin® ist die Reaktion mit Lithium- 
piperidid.® In die sied. I sung von 8-50 g 9-Chlorphenanthren (40 mMol) und 15-8 cc wasserfreiem 
Piperidin in 100 cc Ather wurden 90 mMol Phenyllithium in Atherlésung (88 cc) innerhalb 3 Stdn 
eingetropft. Nach weiteren 3 Stdn Riickflusskochen hydrolysierten wir die rote Lésung und trennten 
Neutral- und Basenanteil. Neben 0:21 g Phenanthren (3° d.Th.) fielen 9-02 g 9-Piperidino-phenan- 
thren (87 d.Th.) mit Sdp. 162-164°/0-001 Torr an; aus Athanol farbl. Stibchen mit Schmp. 
116-116°5° (Lit®* 113°). Das aus Alkohol 1 gelben Nadeln kristallisierende Pikrat zeigt Zersp. 185 
Versuch Nr. 13 (Tabelle 1): 2-13 ¢ 9-<€ hlorphenanthren (10-0 mMol) wurden wie oben mit 
5 mMol Phenyllithium und 114 mMol Lithi impiperidid in 370 cc Ather 1 Stde bei Siedetemp. und 
Stdn bei Raumtemp. umgesetzt. Nach Hydrolyse und Entfernen des Athers wurden das Piperidin 
und das mit dem Phenyllithium eingeschleppte Biphenyl bis 180 (Badtemp.)/12 Torr abdestilliert 


Die Hochvakuumdestillation gab bei 130-230°/0-001 Torr 2-48 g kristallin erstarrendes Produkt. Der 


Lésung in 30 cc spektralreinem Cyclohexan wurde das tertiére Amin mit mal 8 cc halbkonz 


Salzaure entzogen. In der auf 50 cc aufgefiillten Cyclohexanlésung des Neutt ilprodukts analysierten 


wir das 9-Phenyl-phenanthren mittels der IR-Bande bei 700 und 745/cm: 1-54 0-02 g (6°04 


mMo)). Fiir die IR-Analyse des 9-Piperidino-phenanthrens in 25 ce Cyclohexan waren die Banden 728 


und 768/cm geeignet, wobei mit kiinstlichen Mischungen eingegrenzt wurde: 0-216 ¢ 0-005 


(0°83 mMol). Gl. (10) fiihrte zur Konkurrenzkonstante 13-0. 


Der Deutschen Forschungsgemeinschaft und dem Fonds der Chemischen Industrie danken wir 
bestens fiir die wirkungsvolle Férderung dieser | ntersuchung. Herrn Prof. Dr. A. SieGiirz und Herrn 
Prof. G. Ehrhart, Farbwerke Hoechst, Frankfurt-Héchst. schulden wit fur die grossziigige Uberlas- 
sung von Quecksilberdipheny! aufrichtigen Dank. Bei den quantitativen IR-Analysen dieser Arbeit 
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CONFORMATIONAL ANALYSIS OF ALICYCLIC 
COMPOUNDS— |! 


CONSIDERATIONS OF MOLECU! AR GEOMETRY AND ENERGY 


IN MEDIUM AND LARGE RINGS 


Abstract 


Vol. 9. op. 40 P ymon Press Ltd. Printed in Northern Ireland 
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completely in analogy to the argument used for the dehydration of 3$-hydroxytri- 
terpenes which give the isopropylidenecyclopentane a ring in the corresponding 


products. Yet, there are differences in behaviour as compared to cyclohexanes, 


stemming from additional considerations unique to the cycloheptane ring. For 


example,‘ the highly stereospecific metal hydride reductions of the cycloheptanones 


111, IV and V in all cases giving the “‘axial’’ alcohol, as well as other stere specific 


reactions in similar compounds can best be explained by assuming that the « clohep- 


tane and cycloheptene rings in these compounds possess a rigid chair conformation. 


As one step in our own studies on conformations of medium and large rings, we 


present a simple method of calculating the geometry of various conformations and 


using this method we discuss some of the plausible conformations. 


Geometry of the molecules 


The most striking stereochemical relations for a given conformation may easily 


be visualized by employing simple mechanical models.® However, in many cases 


more accurate interatomic distances are needed. This requires evaluation of the 


molecular geometry. Corey and Sneen® have proposed a method for treating this 
i 


lat 


problem using simple trigonometric and vector relations. This method is reconsidered 


only for certain conformations of cyclo-alkanes and cyclo-alkenes which possess some 


symmetry since it is simpler at the outset to consider symmetrical models 


The method of calculation 


Cyclo-alkanes. In the first step we assume: 


(1) a constant C—C bond length. ( 1-542 A 


(ii) a constant C-H bond length, d = 1-093 


(iu) tetrahedral valency angles, 


Subsequently we consider the possibility and effect of small deformations 


Votation. We number the carbon atoms of the molecule from 1 to m and denote 

the vector connecting the ith C atom with the | 1)-st by € . All these vectors 

have the same magnitude (c) and their vector sum is zero, as we are dealing with a 


closed polygon 


the co-ordinates of the (n |)-st C atom being indentical with those of the first. 


Denote the vectors pointing from the ith C atom towards the corresponding H 


atoms by r,. and s,., using the convention that r. is above and s. is below the plane 


Cc isd 


determined by ( and (¢ Their magnituc 


On the basis of assumptions /-iii we have the following relations 


(€ Cc ) Cc“ COS Y (2) 


(Cc = (¢ ,S,) cd COS * (4) 


) denotes the scalar product of the vectors. 


* H. J. E. Loewenthal, private communication 


* Ingeniously constructed models due to A. Dreiding are now available commercia 


rey and R. A. Sneen, J. Amer. Chem. Sox , 2505 (1955) 
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( (0) (1) 
(r.s.) d= cos y (3) 
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Evaluation of the molecular geometry may be divided into two steps 
(1) Determination of the C-C skeleton, i.e. the vectors C, ,,,;/ = 1..." which satisfy 
relations (1) and (2) 

(2) Calculation of the vectors r, and s,, satisfying relations (3) and (4). The latter 
tions and the distances between the hydrogen atoms. Assuming 


that the actual conformation is governed by the H... H non-bonded interactions and 


deter! 
using a semi-empirical potential function for these interactions, we can use the 


the energy of the ,0n-bonded interaction. This 


aluatc 
rd to the stabil various conformations 


step (1) is given. We introduce 


i 


and n.. defined as fol 


lows 


sin 


Thus having 


the molecular 


relations (n scalar and one vector 

t length (c), that 

ifficient for determination 

number of solutions. We may 
additional restrictions, ¢.g. caused by 
ynfine ourselves to the latter case. 
ation by utilizing “building units” 
edral and a trapezoid with two tetra- 
d in accordance with the presumed 


¢ considered. (See, for example, heavy bonds in 
cycloheptane chi 
To illustrate the meth which applies also to larger rings (step |) we treat two 


specilhic cascs in detail 


C veioneptane 


We assume a plane of symmetry which contains carbon atom | and the mid-point 
°. 1). We label this as the yz plane. Let carbon 


between carbon atoms 4 and 5 (I 
atoms 2, 3, 6, 7 be in the xy plane. The distances 2-7 and 3-6 are given by the relations 


2c sin y/2 2 sin /2)) (9) 


2c sin 


42 
| 
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genotcs \ tor product n s orthogonal to the pial of ¢ and 
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r ith, cos y/. (/) 
ith, cos n, sin y/2) = 
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equation) given in (1) and (2). We have unk! 
nknowns. Hence conditions (1) and (2) 
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These ensure the validity of (2) for i 1, 4 and 5. 


(C, ,C, = c* cos (C, ,C, 


Analogously, the angle between the plane of atoms 3, 4, 5, 6 and the 


riven on the basis of the condition 


Having 
the method of construction of the (¢ t 1s obvious that tl 


relation (1) 


From the above, the geometry of the boat conformation may hx Ota 


by changing the sign of 


H, wilh n-fold rofation symmnet 


W e assume the ylecule pos sses an rotatio ix nt 
the axis 2), 1.c. performing rotation through an angle (27/n) ab t 
change in the conformation Examples are the cyclohexane chair ¢ 
cyclo-octane crown, cyclodecane crown, etc. Molecular sy try per 
tion of all interatomic distances very simply. 

We place the atoms C,, C., . . ., ( on the » vertices of an equilate 
whose centre is on the z axis and its pla parallel to the xy plane T} 
Cy,...... Cs, are situated on the n vertices of another equilateral poly 
same centre, its plane parallel to the x) plane, it being rotated through 


with respect to the former polygon 
x 45 | 


Ihe distance between the two planes (bc) and the radiu 


are determined on the basis of the condition 


(C, 


The plane of atoms 1, 2 


Fig lol the cyclo-octane CTOV 


43 


? forms 


an angle @ with the xy plane. This can be determined on the basis of the condition 


ply 


of the polygons (rc) 


ar : 
( COS * sin 46 sin y/? 
= | 
( ( | } COS ( 
| 
COS il sin +) 
| | | | 
COS | 
; ‘leto From 
q ey also fulfil 
| | 
| 
€ 
| | 
ined simi 
| 
lv ta 
ca no 
at yn. 
etermina- 
| poliveon 
ilol 5 
1 with the 
: | 
n. 4 . | 


44 R. Pauncz and D. GINSBURG 


The co-ordinates of the carbon atoms are given by 


sin (2/)x 


cos (2/ )z 


follows 


On the basis 0 


obtain the 
atoms. 


h all H-H 


(19) 


Cc) alkenes. The above treatment can be extended to cyclo-alkenes. The only 


he bonds adiacent to the double bond. We must take 


difference is concerned with t 
into account 


(a) the length of the ¢ C bond, « 1-334 A°: the length of the ¢ H bond attached 


to the double bond d O79 A. 
(b) the valence angle 120 
(c) that the five vectors ; 


d, and d,,, are in the same plane. 


" 
| 
~ 
( ros (2i + 1)2 (14) 
‘ b 
z The vectors connecting the carbon ato are as “a 
5 5 
| 
2 2 r, sin ): (15) 
(12) and are given as follows 
(17) 
COS 
COS 9 COS 
(13) 
H . wnniet deter ned the ( Skeictlol we immedial ly 
| } f the hud 
linat ft vdroven atoms are given in Table 1, from whic’ 
| 
WrecTe, « 
COS Z 2 COS 
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Having determined the C-C skeleton, the vectors pointing to the hydrogens 


adjacent to the double bond are given as follows: 


where C-C single bond distance: « C—C double bond distance: d C-H 


bond distance for bond adjacent to double bond. 


Ene relic reiation 


lo compare the stability of different conformations of a given molecule we must 


relate their energies to their geometries 


[here is a number of potential functions which have been put forward in order 


to represent the H . H non-bonded interaction. 


Eyring’ using the perfect pairing approximation, obtains the interaction energy 


of two non-bonded hydrogen atoms as follows 


1/2 


This corresponds® to the 


where O and J are the coulomb and exchange integrals. 


interaction of two H atoms with random spin orientation, which in turn can be 


~) and /(®~)are the interaction energies of two hydrogen atoms in the bonding 


singlet and in the repulsive triplet states, re spectively. 


lvantage that it predicts only 0-4 kcal/mole for the 


This function has the disac 


potential barrier in ethane (experimental value about 


3 kcal/mole). Barton’ used a 


Waals interaction type function which also yielded too small values for the 


van ac 
employed contains the van der Waals 


potential barrier in ethane The function he 
radius of H which is not defined exactly. Mason and Kreevoy!® suggested that the 


appropriate potential function could be represented by the function Kf(®X) where 


[he Eyring potential corresponds to a value }—}. Pritchard 
A 0-5. Mason and Kreevoy suggested K | and 
t for the potential 


K is a numerical constant 


and Sumner" used the value 


using this value obtained a better agreement with the experimen 


barrier in ethane. This value was used by Howlett! who corrected for the angular 


dependence. 


Eyring, J. Amer. Chem. Soc. 54, 3191 (1932) 


H 
* C. A. Coulson, Valence pp. 167-168. Clarendon Press, Oxford (1952) 
’D. H. R. Barton, J. Chem. Soc. 340 (1948) 

1° FE. A. Mason and M. M. Kreevoy, J. Amer. Chem. Soc. 77, 5808 (1955) 
“* H. O. Pritchard and F. H. Sumner, J. Chem. Soc. 1041 (1955). 

'? K. E. Howlett, J. Chem. Soc. 4353 (1957). 


A, 
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a 
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‘ is 2 >» 
1/4 3/4 f(Pd) 
Where 
| 


46 R. Pauncz and D. GINSBURG 


We wish to compare the stabilities of some conformations. In view of the large 
uncertainty in the choice of the correct potential function we cannot hope to obtain 
correct figures for the interaction energies. We adopt the following potential function 
0-5 f(@3), i.e. that used by Pritchard and Sumner. f(®X) is given by the approximation 
formula of Buckingham" which agrees reasonably well with the values obtained from 


theoretical calculations." 


627-211 
f(R)=- (1 + 1-167R + 0-039R? +- 0-518R® 0-864R*} exp. (—2°3R) (21) 
R 
R in atomic units (the unit of length a, 0-5292 A°), #(R) in kcal/mole. 
We have determined the geometry of some conformations. Summing over all 
of the H . .. H interactions, we obtain the results summarized in Table 2. 
Tape 2. ENERGY GIVEN IN kcal/mole 
Energy I erey I rey Enet y I \ 

| X 6634 | XIV 191-52. XVII 4852 18-60 

Vil 20°13 XI 107-19 XV 48-84 31-51 

Vill 42-03 Xl 38 -2¢ XVI 16°10 XX 61-10 

IX 44-78 67-30 XVI 15-97 18-10 


Discussion of results 

Cyclohexane (V1, Vil). We obtain a difference of 4-43 kcal/mole between the 
energies of the two conformations (Table 2), the chair (VI) being the more stable. 
This conclusion is in accord with the experimental findings and vields the same 


15 


order of magnitude as alternative methods for estimating the energy difference. 


4 
| | 
3 


Vil 


yi 


Cycloheptane (Vill, 1X). Once again the chair conformation (VIII) is the more 


~ 


stable by 2°75 kcal/mole. We must note, however, that the 3-6 interaction 1s ¢ex- 
tremely high, due to the fact that the 3a—6a distance is only 1-288A , corresponding 


13 R. A. Buckingham, Trans. Faraday Soc. 54, 453 (1958) 

MJ. O. Hirschfelder and J. W. Linnett, J. Chem. Phys. 18, 130 (1950); H. M. James, A. S. Coolidge and 
R. D. Present, J. Chem. Phys. 4, 187 (1936). 

16 C. W. Beckett, K. S. Pitzer and R. Spitzer, J. Amer. ¢ hem. Soc. 69, 2488 (1947) 
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to a repulsion energy of 20-01 kcal/mole. It is very improbable that this distance 
remains unaltered in the real molecule. There must be deformations from the *“ideal”’ 
structure causing deviations from the strictly tetrahedral bond angles (see below). 


IX 


Cyclo-octane (XXIV). The most stable conformation among the “ideal” structures 
is the crown form XII (Table 4). However, this conclusion depends largely upon 
the fact that high repulsions occur in the chair (X) and in the boat (XI) forms (the 
2a—7a and 3a—6a H-H distances in X and the 2a—7a, 3a—6a, la—4a and Sa-8a H-H 
distances in XI are all 1-265A°. This value corresponds to an energy value of 21-11 
kcal/mole. Even higher repulsions occur in conformations XIII and XIV. As we 
have noted above, such small distances are extremely unlikely to obtain in the real 


molecule and we must consider possible deformations. 


J™ 


Cyclodecane (XV). In view of the extremely high number of possible conformations 
it seemed pointless to extend the calculations beyond cyclo-octane. However, the 
cyclodecane crown form XV is given because its comparison with the cyclo-octane 


J 
4 
7 3 
A \ Will = 
XI 
j 
6 
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orown 
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H 


insition 
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states Io! point 


by oul app | hy 


( theptene (XV1, XVI). Inc 
the boat forn 

the high 3-6 

open 

distance becor 


distance 


XVI XVII 


Cyclo-octene (XVIL-XX). Once again the hoat form XIX is more stable but the 


difference 1s extre! small. 0-31 kcal/mole. However, we have ge repulsions 


i 
48 
7 
6 
Iv 
tr no yf th ymparison is the 
most strik featur comparis 
ga form XII is illuminating. The most st 
of hy, r interaction (| 3) n XIL 2°S) KCal/l rie in XV 
3.74 kcal o! | corresponds to the short ng of the la~3a H—H distances . 
1.074 nertivel licates probability of the crown 
2-018 A® and 1-924 A”. respec ely | 
form remaining 1 yst stable one tn the large! 
XV 
= lade n th higher flex bility 
It is clear that both in cvycilononane and IN 
3 yntrast with the preceding results for cy heptane 
ble by a valu (1-67 keal ole. Int olecule 
the saturated compo nd di appea W the 
and C. fro tetrahedral to 120°, a-—Oa 
og onding to 2:12 kcal/mole only. We note that this 
eS Gi: is very sensitive to the valency angle at C, and ‘ 
/ 4 / 4 
| 


Conformational analysis of alicyclic compounds—I 49 


(28-43 kcal/mole) both in XVIII and in XIX, indicating the necessity of altering the 
situation through small deformations. The same conclusion holds for the skew 


form XX. 


Xx 
| 5-Cyclo-octadiene (XX1-XXII]), Here again we find that the boat form XXII is 


more stable, the difference being 0-51 kcal/mole. This conclusion is firmer than that 


for cyclo-octene as here we do not have high repulsions. The skew form XXIII is less 
stable than either the boat or the chair XX] form. 
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The formation of indane by dehydrogenation of cyclononane with palladized char- 


coal and the formation of naphthalene or azulene by similar treatment of cyclodecane”® 


makes certain conformations of the cyclo-alkanes appear particularly attractive. 


However, both the fact that the reactions are carried out at 400° and the high H-H 


nodel calculation for a case 


assumption used 
repulsive interaction 
by a tactor of we 
(160 kcal/mole). Yet 


ular interaction followed by 


af 19 


Many sles of transannular intcractions are known to occur 


Fro iS I llows that in the above and in analogous Cases We Ma) reasonably 


mmetrical conformations, as 


the 1dcal more 


This would permit decrease of repulsions at 


assunie 
exemplified above, must in fact occul 
olecule whilst still permitting the formation of the transition 


various points in the 
transannular reactions to their respective goals. 


state required for driving these 


, Me cta 38, 434 (1955) 


drner 4 6999 UY 
Chem. Soc. 74, 5884 (1952); A. C. Cope and 


* Inter alis ope or Spence timer. Chem. Soc. 79, 3905 (1957) and many 
preceding papers; A. T. Blomqu aussie. Ibid. 79, 3505 (1957) and many preceding papers, 


V. Prelog and W. Kang, /« Chim ta 39, 1394 (1956) and many preceding papers 
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anele. Evans.** using thermochemical data and force constants, estimates the energy 


required to decrease the skeletal angle from the tetrahedral value by 5°, 10° and 20 
to be only 0-4, 1-8 and 7 kcal/mole, respectively Assuming that the same figures 
apply to the increase in hond angles. then an increase of II” raises the energy by 
about 2 kcal/mol! At the » time the greatest H H interactions drop very 
sharply by about 20 kcal arizes calculations in wh » have 


used this deformation fo heptane and cycio-octance 


olecule. 
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THE COMPLETE STRUCTURE OF TYLOPHORINI 
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Abstract 


the indolizidine 


lation, a con 
was obtained. This had abs rption maxima in the ultra- 
of 9,10-dimethylphenanthrene and its n elting point was not depressed 


with the latter (m.p. 144°) 


Oxidation of isodihydrohomotylophorinemet une? had yielded a dicarboxylic 
acid considered to be 2.3.6.7-tetrar ethoxyphenanthrene-9. 10-dicarboxylic acid. 
Attempts to confirm this structure by preparing this compound by oxidation of the 


methy!| groups in 2,3,6, 7-tetramethoxy- 9.10-dim ethylphenanthrene, obtained by the 


Clemmensen of 2,2'-diacetyl-4,5,4’ ,5'-tetram ethoxydiphenyl, were all 


unsuccessful. 
It had been ip that oxidation of tylophorine isomethohydroxide yielded 


' Pari Il, T. R. Govin ari, M. V. Lakshmikantham, K. Nagarajan and B R. Pai, Tetrahedron 4, 311 
(1958) 

* T. R. Govindachari, B. R. Pai and K. Nagarajan, J. Chem. Soc. 2801 (1954) 

7D. M. Hall, J. E. I adbury, M. S. Lesslie and E. E. Turner. J. ¢ hem. Soc. 3475 (1956). 
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(Received 
Ly ’ rue alkaloid tylophorine? had been assigned structure I on the basis of degradation 
ee ; evid presented in a previous cor unicatior Although « point of fusion of 
Le the robicvclix \ co y Shown to be the 9- p on OF the phen- 
antnrene ring. t ocatio! ine secon fusion as Osition was based 
: ( on b { erations and the incompatibility of the degradation results with 
N 
Definite evidenc ow presented, which proves that the fusion of] 
ring 1s indeed at the 9,10- position as in structure | 
135-137°, 
— 
cal with that 
On admixture 
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10-dicarboxylimide. This has now 
been confirmed by the followm prov ides conclusive proof 
to the phenanthrene ring. 


about the positions of fusion oO 

Condensation of > 3,6.7-tetramethoxyphenanthrene-9-aldehyde" with nitromethane 
yielded the corresponding 9-2’ -nitro\ inylphenanthrene, which was reduced by lithium 
2,3,( 7-tetramethoxy-9-2 -aminoet 


aluminium hydride to 
Cyclization with phos 


an imide considered to be 2 3.6.7-tetramethoxy-9, 
ig synthesis, which therefore 


f the indolizidine system 


hylphenanthrene, character- 


ized as the acetyl derivative II. phorus oxychloride gave the 


) 
NH 
Aub 
co 
CH 
OCH OCH. OCH 
I IV 


dihvdroisoquinoline (111). whose methiodide on oxidation with aqucous potassium 
1 2.3,6,7-1 (IV), 


permanganate ielded 


identical in all respects ‘xed m.p. infra-red and ultra-violet absorption spectra) 

with the oxidation product from tylophorin¢ 
\ study of the Hofmann and Emde degradations applied to tylophorine has 
brought to light certain interesting features It is found that Emde degradation of 
tvlophorine n iodide lds a product 1d ntical with that « btained from tylophorine 
ethior gel co the iso pound pre edes bond clea age.* 
W tylopho submitted to al Em¢ d dation, a compound 
( H..O,N nm. 155-19 ta ) ind not 1ac ‘tical with 1sodll dro- 
142 rted lier Apparent! in tl sresent 


La 
occul but not reducti 10 b 1 pl I 
The ¢ ids m.p. 15 . ( p. 142° ha ) | infra-red 
ne tt t 10-23 ib the d 
) nm. 142°, be V) and 
WI H | } de yuble 
if ly to ha ifigu- 
ration. since it would have to for part of a nine-me hered ring (V11) When 
ihvarono!l phorine ethiodK eubiected to a Hofmann degrada } 
no such 1 tio! pi nd the more stable trans- isomer rest Its. as borne out 
by th fra-red spectrul showing a strong hand at 10:23 characteristic ol a 
ans- disub tituted ethylenic linkage.” 
{ ( y S¢ 
to be strained. A r. Blom >= ind 


Infra-red Spectra of Molecules 31. Met 
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H 
N(CH,), 


H.CO 


o—x 


(CH,); 


EXPERIMENTAI 


Zinc dust distillation of tylophorine 


1c dust (B.D.H. Analar grade; 5 g) and heated 


1-free nitrogen for 45 min. The tube was then 


ico 


Th 


144°). Both the compounds had 255, 300, 335, 352 my (there being insufficient material for 


determination of <) 


(a) 2,2’-Diacetyl-4 6-Aminoacetoveratro! (5 g) disso ved in dil 
HC1 (40 ml: 4N) was diazoti ed at 0° with aqueous sodium nitrite solution (1-8 g in 5 ml), added 
dropwise with stirring. Ice-cold hydroxylamine solution (from 2-2 ¢ hvydroxvlan ¢ hydrochloride 
in 6 ml water and 5-1 ml 4N NaOH) was added with stirring to the c iprammoniun lution obtained 
by treatment of iqueous copper sulphate solutio 5 g in 25 ml) with | quid ammonia (10-2 ml) at 0 

z To this reducir g solution was added the diazo solution cropwise with stirring at 10° and left at 30 
till the evolution of nitrogen ceased The so id was filtered. WW ished with w iter, dried and then 
recrystallized from ethanol containing acetic acid to give 2.?’- liacetyl-4,5,4' tramethox ydiphenyl 
(3 g), m.p. 212°. (Found: C, 67:2; H, 63. C,,H..O requires: C, 67-0; H, 61 ) 

(b) 2,3,6 Tetramethoxy-9,10-dime thylphe anthrene A mixture of the foregoing diketone (4 2), 
amalgamated zinc (40 g), ethanol (100 ml) and conc HCI (50 ml) was refluxed for 4 hr. The organic 
matter was extracted with chloroform, washed with water, dried (Na,SO,) and distilled. The residue 

q was recrystallized from alcohol to give the pure dimethylphenanthrene (1-2 g), m.p. 225°: Amax 255. 


290, 340, 355 mu (log e 4:80, 4:54, 3-06, 2.64) (Found: C, 73-3: H, 68 CooH..O, requires: C 
73-6; H, 67%). 


2,3,6,7-Tetramethox yphenanthrene-9,10-dicarboxylimide 


(a) 2,3,6,7-Tetramethoxy-9-2'-nitrot inylphenanthrene. A mixture of 2,3,6,7-tetramethoxyphenan- 


threne-9-aldehyde' (1-5 g) nitromethane (8 ml), ammonium acetate (1:5 g) and glacial acetic acid 


(10 ml) was refluxed for 2 hr and poured into water. The solid was filtered, washed and dried. Recry- 
stallization from acetic acid gave the pure nitrostyrene (1:2 g), m.p. 250 (decomp) (Found: C, 
64:7; H, 5-4. C.,.H,,O,.N requires: C, 65-0; H, 52%). 


‘J. C. E. Simpson, C. M. Atkinson, K. Schofield, and O. Stephenson, J. Chem. Soc. 646 (1945). 
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A 
H,CO 
OCH, OCH, 
Vv VI 3 
CH 
— CH, CH 
VI VITI 
.. ae in a Pyrex tube at 450-500° in a current of dry, oxyg 
coored, the Zinc pped na tne dais \ ned int — { 
ae .. such batches were run and the collected distillate su red at 160-180°/2 10-° mm. ‘Mle sublimate 
was crystallized twice Icohol to g product ome). om 427 
\ sive product (<1 mg), m.p. 135-13 ifter slight sintering 
3 
ihe 
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- ho ynidoethylphenanthrene 


(b) The foregoing nitrostyrene (1-4 


added gradua ‘ nsion of lithium aluminium hydride 
ahydrol I t is decomposed by 
mixture wa parated ari 
could Ol purified and 


on trom 


7-0, 


7) was refluxed with phosphorus 
| of the non-basic material 
nonia and ex cted with 

chloroform anhydrous potassium 
ch was chromagraphed 1 benzene 


carbonate 
ilcohol (1 The solid obtained 


vive the dihydroisoquinoline, ™.p 
nade by mixing 
id and had m.p. 245 


aiconol ullol 1 pict 
(decomp) (Found ) 4-4 ) 


180 


(d) 2,3,6 regoing dihydroisoquinoline 
h lide in chloroform solution. The methio- 


was 
dide (0-25 g) in inganate solution (0-5 ¢ 
t. then treated with excess 


th chi » combined chloroform extracts 


sulphurous act 
were washed with wi and dried over ; lag The solvent was removed and 
the residue | I ol n of alumina. The solid 

the imide, m.p 355 


obta ned DV cVval 
+} hr 


(decomp) with s rinkins ve lentica } i wi 
ic. for 


obtained by the 


dation of ty ophorine alc 


H, 


iloride (from | g silver nitrate) in 


The mixture was filtered, and the 


i with sodium amalgam 


alco 
(5 ited was extracted with benzene, 
dried and distilled. The residual soli ) was crvstallized from benzene—petroleum ether (b.p 
m.p. and mixed m.p with isodihydrohomotylophorine’, 200-202 


40-60") to give the Emde base 


x}? +0 


Emde de neme thine 
nemethine thiodide? (0-9 g) was converted to the methochloride by refluxing with 
(from 3 (20 ml) for 4 hr, filtering and 
salcohol. The n of the methochloride (100 ml) was treated with sodium 
gam (5 100 ¢) at 100 ver 3 hr. Heating was contin ied 
tt After decanting from the mercury the mixture was repeatedly extracted with ether, the ether 


for 3 more hr and left overnight at 


155-156° (from ether), not 


73-8; H,7-9 H,,O,N 


i dist i, | ng behind a white solid (0-4 g), m.p 


solution dred and distiliec cavi 
identical with (m.p 142°) (Found: ¢ 
requires: ¢ H, 7:8°%). 4 258. 288, 340, 355 mu (log © 4°84, 4:66, 3:19, 2-89) 


Catalytic reduction of the Hofmann-Emde base 


The above base (100 mg) in water | 10 ml) containing 4 N HC! (2 ml) was hydrogenated at 50 Ibs/in® 


Adams catalyst (S50 mg) for thr. The solution was then filtered, basified with ammonia 


in presence of 
The residue (100 mg) after evap 


and extracted with ether 
drv ether to give tetrahydrohomot ylophorineme thine, m.p 


oration of the ether was recry stallized from 
138-140°. On admixture with the starting 


dry 
i, = solvents 
refluxing with acetic anhydride ( ni) ana ruseu 
was extr cted vitl ch or om qgricu Ara uls > 
alcohol gave the acefyi derivative \ 
+ 
v 
on evaporation of the cluate was recrystallized trom 
75 
wind: ¢ 19: H.65. ¢ H..O,N requires 
Al- 
Cc 
I ce rradat on of tylophorine 
fuxed with silver 
water (10 mi) and ulcoho! (10 mi) for 5 Ar, ana tert Over ent 
| 
1 
3 
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material, (m.p. 155-156°), it melted at 134-135 on admixture with isodihydrohomotylophorine- 
methine (m.p. 142°) it had m.p. 130-134°. (Found: C, 73-2; H, 8-1. C.,H;;,0,N requires: C,73-4; 
H, 8:2%). Amax 255, 290, 340, 355 mu (log ¢ 4-73, 4-48, 3-03. 2-55). 


5 


Catalytic reduction of isodihydrohomot ylophorinemethine 


Isodihydrohomotylophorinemethine (100 mg) was reduced as before, to give a product (100 mg), 
identical with tetrahydrohomotylophorinemethine (m p., mixed m.p. and infra-red) (Found: C, 
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REACTION OF 2,4-DINITROBENZENES| LPHENYL 
HLORIDE WITH ORGANIC MONOSULPHIDES 


G. Moore and M. PorRTER 


Abstract — 2 


yusly constituted 


| for determining 
ixture 
acetic maer Col dit ons 


olefins’ and then to 


n 
at 


1od based on that 


nge reaction (1) with disulphides present, and 
polysulph des. would not interfere since sulphenyl 
1 However. when the method was 


les (viz. and 


1 alky onosulphide 


mms not lo t in the PFOCEsses 


Py ied to authentic alkeny! 
Me,C:CH-¢ H( Me)S°CH,Ph) considerably more than one molar equivalent of the 
ulphenyl chlor de (1) was consumed (see Table), and this finding was followed by 
the observation that saturated monosulphides also react with I, thus rendering the 


method invalid 
It has now been established (see Table) that reaction between I and dialkyl, 


1 ¢. G. Moore and M. Porter, J. Chem. So 2890 (1958) 


* 1. Bateman, C. G. Moore and M. Porter, J. Chem. 5 2866 (1958). 
*N. Kharasch, H L. Wehrr ster and H. Tigermar J. Amer. Crem. So 69, 1612 (1947) W. L. Orr 


N. Kharasct! é | 
‘WN. Kharasch and M M. Wald, Analyt. Crem 


1042 
thid. 75, 6030 (1953); and other papers ¢ same scrics 

27, 96 (1955) 
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the solvent 
sion of n nhenvl chi les with organic disulphides which 
te etry of rel tt) ha pecn recentiry 
ArSCi + RS-‘SR ArS-SR + RSC! 
td trah per ilnhen\ rick (1) with ari 
ae | vork : ndert n order to establish a ch 
— ‘ nt of nic msaturation in th ' no- al 
jon nie ie ta react the 
ee wit a known exc s of sulpheny! chioride in annyarou 
“<stabiis a cad to quantital addition he reage 
determine t unreacted sulpheny! 
id 4 he 
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ot 
compa! ‘Tali reacti wis with 
c 
= 
ind 
| 
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The reaction of 2,4-dinitrobenzenesulph« y! chloride with organic monosulphides 59 


diaralkyl, and cyclic monosulphides is a general one, proceeding according to reaction 
(2) (Ar = 2,4-dinitrophenyl, here and throughout): 


» ArS-SR RCI (2) 
with the proviso that in some cases elimination of the group R to give olefin and 
hydrogen chloride, and acetolysis of RCI may be minor competing reactions. 


CHLORIDE (1) wir 


isopropy!) 


Z-n i-2-Vi phid Wit al Ola aient 


lable) is similar] ie formati fin isplaced 


M 


REACTION OF 2? YINTTROR 7 
SULVHIDES IN ETIC ACID AT ca. 20°. f 
Reaction Moles I ed 
; \ cle ner 
y (nr) sulphide 
Allyl t-buty 24-0 1-13 
1648-4) 1-3] 
Benzy! 4-me yipent-3-en-2 73.4 1-66 
ik -() 1-8? 
D n-Ppropy 140-0 
: Di-isopropy 65 
2 
Dipheny 
D ) 
R 
i a | is ( I] Ik DVa ving 
i 
>A 
ISODTODYV!) ry ror 
: Ol -chioropropy! + -Ginitrophen mmahly i hw th 
of I to propene.’ the latter b ing derived trom the < placed isopror nin il 
Ip 
| (c.g. be 
* N. Kharasch and C. Buess, J. Amer. Chem. So. 71, 2724 (1949), 5 
4 
° 
Ge 
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in the primary reaction and subsequent addition of I to the 


tertiary alkyl group 
ve a chloroalky! 2,4-dinitropheny! sulphide 
al monosulphides II! (reaction 3), the group 


ore substituted a-carbon atom; 


olefin to gi 
In the reaction of | with unsymmeti 
R’ displaced as the chloride 


thus sopropy! t-butyl sulphide give 


containing the 


2.4-dinitrophenyl isopropyl disulphide, and 


? 4-dinitropheny! disulphide. The 


benzyl 2-methylpent-2-yl sulphi 


ArSc 


“sulphonium”’ halides IV and V and their sub- 
f the C-S bonds involving the group R’ which 


mssion Ol 


The formation of the intermediate 


sequent decompo ition by 


he cationic stability series contorms t 
-¢. their reaction with mercuric chloride 


is higher int o the general pattern of reactivity 
of sulphides with electrophilic reagents, ¢ 
and with methyl iodide to give the isolable compounds VI and VI, respectively, 
316, 325. Bell, London (1953). 
1219 (1958). 


Ingold, Struct i 
tkhad. Nauk SSSR, Otdel. Khim ik 


j 
reac ite al acm 
R | | mMmnca ef ‘ al + nd 
‘ R 11 displaced a irbo um 
: 
| } Alk.( PhCH Alk.CH 
| | 
f | (R = 
R R > By > RS-SR (8) 
| 
| 
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The reaction of 2,4-dinitrobenzenesulpheny!| chloride with organic monosulphides 61 


which undergo decomposition by C-S bond fission involving the group R’ which 


yields the more stable cation 


Vil 


action of the arenesulpheny! chloride (1) with allylically-unsaturated mono- 


of I to the double bond and attack on the sulphur 


ph invoives Doth additio 


i 
ato iS In reactions 2 and 3). For example. benzyl 4-met! ylpent-3-en-2-yl sulphide 
(VIII icts with ~2 mola ulval of I te b | 2,4-dinitropheny] disulphide 
as oO product. Comparison of the data on the above system (see Table) with the 
adadit Sug ts that t eaction invo a fast addition 
of ltot uble b lof VIII to adducts IX and/or X (reaction 9). which 


OU) 


ining displaceable secondary 


than its reaction with other monosulphides conta 


explicah n terms of participation of the groups 


La 


faster 


alkyl groups. Both features are 
ArS- or Cl- vicinal to the C-S bond in XI, giving anchimeric assistance to a preferred 
ted secondary alkyl C-S bond in XI with the formation of 


cleavage of the designa 


the mesomeric cation in XI].!° 


Ihe addition products of | to olefins a substituted monosulphides which in 


principle should react further with the sulphenyl halide as in reaction (10); that 


78, (1956): D 


1201 


N. Kharasch, /bid. 78, 2728 (1956) 
A. Streitwieser, Chem. 56, 571 (1956) 


4 

a Slower reaction with as indicated below (reaction 10): 
A HMe.CH > PhCH HMe-CHI(SA 4 
H Me. -SAr (9) 
(10) 
Me ¥y CH HY Me 
Iwo features of reaction require c t: firstly, that econdary alkyl 
rroup in Xl, and not the be W iIndergoes d nt by C-—S bond 
. fission, contrary to the general pattern observed previously for saturated monosulphides 
(Table and p. @@; and secondly, that the reaction of I with IX and/or X is much é 
; * D. S. Tarbell and D. P. Harnish, Chem. Rev. 49, 1 (1951); J. Goerdeler, in Houben-Weyi. Methoden der : 
i Organischen Chemie Vol. 9, pp. 175 et seg. Geo Thien Stuttgart (1955) ; 
"WL. N. k Chem. S 75, 6030 (1953); R. Hoge and 

: 
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this is not observed experimentally* is now ascribed to the electron-withdrawing 


< 
2,4-dinitrophenyl group in the product, ArS-CR,’CR, Cl, deactivating the sulphide 
sulphur towards electrophilic attack by a second sulphenyl chloride molecule. Support 
for this argument is found in the reactivity of phenylmethanesulpheny! bromide 
towards cyclohexene. Reaction of equimolar amounts of these compounds in benzene 
gave the anticipated product XIII. However, reaction of the sulpheny! bromide 
(2 moles) with the olefin (1 mole) gave a small amount of dibenzyl disulphide as an 
additional product, whose formation is consistent with reaction (11). Confirmatory 
evidence for this is the fact that reaction of XIII with I in acetic acid yielded benzyl 


2,4-dinitropheny! disulphide as one product (reaction 12): 


PhCH,S. SCH,Ph 


(10-00 n M) 


sodiu ulide 


the iken f n, after lled water (100 ml) w 1dded, 


followed by a measur exe standard ag sodium iIphate. After shaking the mixture for 


a 
4 
prot — 
+ PhCH, SBr > Br 
+ ArSCL > 
int \ | 
line 
XV isa ance 
to ‘ ‘ ch (cl p. 6] 
EXPERIMENTAI 
pur 
Toa ft nhide (in amount calculated to allow ca. 
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0-5 min the excess of thiosulphate was determined by titration against standard aq iodine. The ex- 
tents of reaction (expressed as moles of I reacted per mole of sulphide reactant) as a function of time 
are detailed in the Table. 

Isolation of disulphide products. \n general, the products from two determinations above were 
combined, any iodine present was destroyed by aq sodium thiosulphate and the solid material 
filtered off, washed with water, twice extracted with boiling ethanol, and the combined extracts 
crystallized. Specific examples of the disulphide products formed are given below. 

(1) From the reaction of isopropyl t-butyl sulphide with I was isolated 2,4-dinitropheny] isopropyl 
disulphide (63°), m.p. 61-5-62° (Found: C, 39-45; H, 3-75: S, 23-J. Cale. for C,H;,0,N,8,: C, 
39-4: H, 3-7: S, 23-4°%),. 

(2) From reaction of I with benzyl 4-n ethylpent-3-en-2-yl sulphide was isolated benzyl 2,4- 
dinitropheny! disulphide (59°), m p. 110-5-111-5, mixed m p. 110-5-112-5° (Found: C, 48-6, 48-7; 
H, 3-55, 3-4; S, 19-8. Calc. for C, 48-4: H, 3-1: 19-9 

(3) Reaction of dibenzyl sulphide (180 mg, 0-84 mmole) with an acetic acid solution of I (75 ml of 
0-01 M) for 48 hr, followed by removal of the solvent in vacuo at room temp and two crystallizations 
of the residue from ethanol yielded benzy] 2.4-d nitropheny! disulphide (130 mg, 48%), m.p. and 
mixed m.p. 111-112° (Found: C, 48-6; H, 3-3; S, 19-9°), 

(4) Reaction of benzyl 2-methylpent-2-y] sulphide (208 mg, 1 mmole) in acetic acid (10 ml) with a 


solution of | (100 ml of 0-01 M) for 20 hr and subsequent isolation as in (3) gave benzyl 2,4-dinitro- 
pheny! disulphide (158 mg, 49°,), m.p. 111-112°, mixed m.p. 111-112-5° (Found: C, 48-45; H, 3-2: 


S, 20-0 


Reaction of (1) with 


A mixture of I (235 mg mm it sulphide (215 mg, 1 mmole) in benzene (9-5 ml) was 
allowed to react for 14 d itca. 20°. Re il of lvent in vacuo, ext tion of the residue with 
cold anhydrous ether and crystallization of t n ible portion fror inol gave benzyl 2,4- 
dinitropheny! disulphide (118 mg, 37°), m.p. 110-5-112° (Found: C, 48-65: H, 3-2: S. 20-2°%,. 


Reaction of (1) with diber ulphide Identification of benzyl « hioride 
(1) Control experiunent 4 mixture of benzyl! chloride (0 52 g, 5 mmoles) and thiourea (0-386 eg, 
> mmoles) in ethanol (1°2 ) was relluxed I U r, the solut 1 then cooled and added siowly with 


ve 


due which 
on treatment with thiourea as in (1) gave S-benzylisothiuronium picrate (1-17 g, 59°), m.p. and 
mixed m.p. 182-183° (from ag ethanol) (Found: C, 42-2: H, 3-3: S. 8-35. Calc for C,,H,,0-;N;S: 


C, 42-58 3-3 


Reaction of (1) with di-isopropyl sulphide 


rhe reactants (0-01 mole of each) in acetic acid (20 ml) were caused to react at ca. 20° for 529 hr 


and then at 50° for 209 hr, conditions leading to ca. 97°. reaction of I Separation of volatile material 
by low pressure evaporative distillation at room temp left a crystalline residue (2°67 g) which, on 
extraction with hot ethanol, gave an insoluble residue (78 mg) of bis(2,4-dinitropher yl) disulphide. 
Fractional crystallization of the ethanolic extract gave: (i) 2,4-dinitropher yl isopropyl disulphide 


(1-97 g), m.p. and mixed m.p. 60-5-61-5° (Found: C, 39-6; H, 3-6; S, 23-7. Calc. for C,H O.N,S.: 
C, 39-4; H, 3-7; S, 23-4°): and (ii) a red oil (0-60 ¢) which partially solidified on standing (Found: 
C, 39-7; H, 3-55; Cl, 4-55; S, 19-0, 19-3. Calc. for a 64 : 36 wt % mixture of 2,4-dinitrophenyl 
,4’-dinitrophenyl sulphide: C, 39-3; H, 3-55; Cl, 4-6; 


isopropyl disulphide and 2-chloropropy! 2 
5-7°% and the chloromonosulphide for 8-1°% of incident I. 


S, 19:1%,). The disulphide accounts for 8 


A. C. Cope, T. T. Foster and P. H. Towle, J. Amer. Chem. Soc. 71, 3929 (1949). 


— 
¥ 
Te 
| 
sulphide in benzene 
: 
stirring 1 conc aqueous-¢ lic SOlutK Sodium picrate (1-2¢ g, MMoles) tO 
thiuro! n picrate 84 80°-), m.p. 18 from benzene) ype ef a give m.p. 18 188-5°: 
: however, recrystallization of the above sample from various solvents did not ra the m.p.) ; 
(2) Examinatior eaction product A solution of I (1-174 g, 5 mmoles) and thesulphide (1-071 ¢g 
5 mmoles) in acetic acid (15 ) was caused to react for 283 hr at ca. 20°. | porative distillation of 
the product at 10-? mm, addition of the distillate to water and neutralization of the 52 ental, aq 
S. §-1°) 
te 
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bromide in ohexane 


1 (0-02 mole) 


Reactior 
in benzene solution (50 ml) from toluene-@-thio 


(1) The yenyl br ide, preps n 
and N nimi tnod was added (withou 
{ nen allov tar da il of 


t isolation cyclo- 


mp 150), 


but wi rid distillate, 
unstabic ide 
(Found 


Br, 


mpies 


28-0".). No dibe | 
an (2) Reactiot f the sult nvl bromide th 0-5 molar proportion f cyclohexane under the 1 
conditions in (1) above ve the adduct XIII and dibenzy!i nhide (50 mg), m.p mixed m.p 
68-5-70° (Found: 68:3; H, 5°85. Calc. for H..S.: C, 68°25; H, 5-7"). 4 fir tion that 
the dibenzv! disulphide resulted directly from interaction of the dduct with phenyl! 
“4 bromide was ob ed by » XIII to react with the sulphenyi ci ride | in acetic acid for 14 days a 
at ca. 20° when benzy! 2,4-dinitropheny! Gisulp ide. m.p. 110-112 (Found: ¢ 18-4: H, 3-2; 
a icknowledgements—We ‘ Drs. D. Barnard and T. Colclough, and Mr M. E. Cain for sa 
ar of sulphides usc this rk which forms part of the programme of researcn undertaken by the a 
a Board of the British Rubber Producers’ Research Association ee 
i2 H. Emde. Ger. Pat. 804572 (1951); Chem. Abstr 46, 529 (1952). 
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CARBON-CARBON BOND ENERGIES 
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Thurlton 
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Abstract—Although it is difficult to arrive at entirely reliable and precise values for bond energies 


of the various types of carbon-carbon bonds, it is possible to estimate probable relative values. This 


is done in the following discussion without involving the heats of sublimation of diamond or graphite, 


but the requirement still outstanding is an unequivocal value for any one bond of known order. 


WE have in diamond a precise standard for the length of the single C-C bond, but 
data for the energy of the bond are less certain. The heat of sublimation of diamond 
(124-3 kcal) however precisely it may have been observed experimentally must be 


interpreted in terms of bond energy with some caution. If it is assumed that it is 


identical with the heat of dissociation into single carbon atoms, it follows that 62-15 


kcal must be the energy of the single C-C bond. There must, however remain some 


doubt whether dissociation to single carbon atoms is complete and whether other 


energy-consuming processes are involved. 


The heat of sublimation of graphite as a standard in the determination of bond 


energies is even less satisfactory. Wheland' uses the energy equation aC (graphite) 


aC (gas) — 171-7 kcal in replacement of the earlier? aC (diamond) —aC (gas) 
124-3 kcal when calculating the energy of C-C and C-H bonds. In consequence, 
the value of 58-6 kcal arrived at first for single C-C bonds is replaced by the very 


different value 83-6 kcal. The element of confusion introduced by this change of 


presumed fundamental standards makes it difficult to assess the significance of such 


calculations. It is, therefore. proposed to by-pass them as far as possible, in the 


follow ing discussion. 


When diamond is burnt to carbon dioxide it can be assumed that two processes 


breakdown of the molecule to atoms and combustion of atomic carbon—are super- 


imposed. For every carbon set free, two single bonds are broken. The net energy 


release is the heat of combustion of diamond, which has been determined as 94-505 


keal. Therefore, if a be the energy of the single C-C bond and c the energy involved 


in the formation of carbon dioxide from atomic carbon and molecular oxygen 


2a 94-505 ( (1) 


No certain value can be assigned to either a or c, but the expression is of use for 
determining the properties of the C-C bonds in the higher paraffins. The heats of 


combustion of many of the normal paraffins have been determined with accuracy 


under comparable conditions. For the lower members of the series the increase in 
heat of combustion with the number of carbon atoms is irregular, but above pentane 
there is almost complete regularity. For a hydrocarbon C,H... the processes 


G. W. Wheland, Resonance in Organic Chemistry p. 115. John Wiley, New York (1955). 
* G. W. Wheland, The Theory of Resonance and its Application to Organic Chemistry. p. 75. John Wiley, 
New York (1944) 
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concerned in its combustion 


(i) the breaking of (7 


of 


C, Ear! 


to carbon dioxide and water are 


1) ¢ 


( 


bonds 


H bonds . 


( 


into carbon 


s of H into \ 


1) kcal 
2) kcal 


ased on 
1 shown 
bond which we have taken 


the order (1-050) 


Tse, 


be ca culated he le 


neths of 


been measured 


al 
the conversion of n atoms of C dioxide | 
4-2 ater —> d(2n +- 2) kcal 
Annliving t ntan nd nonane we get the two equauiol 
116 0] 16d kcal 
< , d 
= 
C-C B 
i 
. . 
1, i « he 
Ct ea ed, sinc 
as 
\ 
R 
f ti bond bein 
(Rb CL" the and R. tl 
‘ 
Inve 
the encrey of the C-C bonds r nol 
<4 ter than that of the tru nagle 
earlic Kca calc ina 
to be 58°60 kca By apply ne CQUaAMIONS Elven 
the C-C bonds »-nentane. n-hexane and n-heptane have recently 
shad and found to be 1-531. 1-533 and 1-534 A respectively. 


Tetrahedron, 1960, Vol. 9, 67 wo 75, Pergamon Press Ltd, Printed in Northern Ireland 
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KATALYTISCHE OXYDATION VON PRIMAREN UND 
SEKUNDAREN HYDROXYLVERBINDUNGEN 
MIT SAUERSTOFF AM PLATINKONTAKT 

IN FLUSSIGER PHASE 


UBER KATALYTISCHE OXYDATIONEN—XIV! 


K. Heyns und L. BLAZEJEWICZ 


Aus dem Chemuschen Staatsinstitut 


Zusammenfassung nicr en Beding riger | der reanischen 


Im Jahre 1823 veréffentliche Débereiner? eine Schrift mit dem Titel, Uber neu entdeckte 
hdchst me re i fy es Platins in der er iiber die ka/te Umsetzung von 
Wasserstoff mit Sauerstof ei Gegenwart von Platin berichtet. 1845 berichtete 
Débereiner’ weiter! iber die Beobachtung, dass Sauerstoff sich bei Gegenwart von 
Platin und Alk: } 4 nike Verschiedene andere 


Autoren‘ jener Zeit fanden, dass Mannit-Lésungen, mit Platin verriihrt, reduzierende 
Substan 


nicnt weiter entwicke I cite! die Nict ge Ger Katalytisc 


etwa 100 Jahren stecken geblicben und nicht zu einem priparativ verwendbaren 


Verfal 


Reaktion der Wasserstoff vom Alkohol mittels des Katalysators de irierend 
abgespalten und auf einen geeigneten Acceptor wie Sauerstoff oder Methylenblau 
libertragen wird und sprach aus dicsem Grund die Platinkatalyse als Dehydrase- 
Modell an. Diese Dehydrierungstheorie hat in den Potentialmessungen von Miller 


und Schwabe* ihre Bestiitigung gefunden. Neuerdings wird von Rottenberg und 


diese! 


Thiirkauf’ auf Grund von Austauschversuchen mit isotop markiertem H,O** auch 


eine gleichzeitige Sauerstoff-Aktivierung diskutiert 
Wiihrend auf der einen Seite die Verfahren der katalytischen Hydrierung in viel- 


seitigen speziellen Anwendungsformen immer weiter ausgebaut und vervollkommnet 


1720 (1958) 


1 XIII. Mitt. K. Heyns u. M. Beck, Chem. Ber. 91, 
2? J, W. Déeberciner, Schweigers J. f. Chem. u. Phys. 38, 321; 39, 159 (1823). 
* J. W. Déeberciner, Liebies Ann. 53, 145 (1845) 


‘ F. von Gorup Besanez, Liebigs Ann. 118, 259, 273 (1861): F. W. Dafert, Ber. Dtsch. Chem. Ges. 17, 22 
(1887); A. Strecker, Liebigs Ann. 93, 370 (1855) 

* H. Wieland, Ber. Dtsch. Chem. Ges. 45, 484, 2606 (1912); 46, 3327 (1913); 54, 2353 (1921) 

* E. Miller u. H. Schwabe, Kolloid Z. 52, 163 (1930) 

* M. Rottenberg u. M. Thirkauf, Helv. Chim. Acta 42, 226 (1959). 
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- 
as. Institut fir Organische Chemie x 
Universitat H burg 
bar R i 26 October 1959) 
cee ‘ Lésu tteln 1 els Saue am Platink h ire Alkohole je ch den Bedingungen zu 
A Ide oder Carb seh Alh 1 Ke on Oxydation 
verschiedenster Alk Das Verfahren eignet sich besonders zur 
praparativer Darste ket "er 4 
dig 4 
Biren entwickelt worden. 
Wicland? hat, an dic en Arbeiten anknuptend, ge dass fein verte es Piatin 
die lation A halen in wu | talvsiert Er fand lass bel 
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wurden. hat andererseits die katalytische dehydrierung bzw. Oxydation bis in die 


Bearbeitung und Anwendung gefunden. Erst 
nachdem gezeigt werden konnte, dass durch Oxydation am Platinkontakt selektive 
Polvoxyverbindungen z.B. K ohlenhydrat-Derivaten 


it das Verfahren fiir zahlreiche wic htige organische 


jiingste Zeit hinein kaum eine breitere 


Umsetzungen spazicller Art von 
durchgefiihrt werden konnten*, erhic 
Substanzgruppen praparative Bedeutung 

Alkoholgruppen bevorzugt vor sekundiiren oxydiert 
wurden. So wurde t-Sorbose, glatt zu 2-Keto-L-gulonsaure,” | ,.2-Ilsopropyliden-b- 
glucofuranose zur entsprechenden D-Glucuronsaure bei erhéhter Temperatur oxy- 
und am Stickstoff blockierte Aminohexoside"™ sind 


Es zeigte sich, dass primare 


diert Zahlreiche Glvcoside'® 


auf diesem Weg in die Uronide iiberfiihrt worden, und das Verfahren hat sich als 


Standardmethode zur Darstellung von Uronsdurederivaten entwickelt. 
orialer Lage besitzen, 


Bei Cycliten, die OH-Gruppen sowohl in axialer wie in aqualt 
Oxvdation selektiv axiale OH-Gruppen oxvdiert, z.B. 


wird aus myo-Inosit myo Inonose-2 erhalten. Die Anwendung dieses Prinzips hat 


werden bei der katalytischen 


zur Strukturaufklirung einer Reihe unbekannter neuer und zu einer Synthese 


des Streptamins gefuhrt 4 Ferner sind auch Steroid-Alkohole selekti oxydiert 


worden.” 


Systematische Untersuchungen iiber die Oxydierbarkeit der verschiedensten 


Verfahrens, sowie Uber dic 


Typen von Alkoholen, uber d Anwendungsbreite des 


eungen fiir cine spezielle Anwendung 


1c 
Auffindung von cinheitlichen Reaktionsbedi 
vor und sind Gegenstand Get vorliegenden Arbeit 


lagen bisher nicht 
ionen von lsopropanol 


Mit Hilfe einer Test-Oxydation, in diesem Falle die Oxydat 
hieder Lésungsmittel, die Art und Vorbehand- 
pH-Abhingigkeit und 


7u Aceton, wurde die Emwirkung verse 


lung des K atalvsators, die Giftwirkung von Zusiitzen, die 


K onzentrationsabhingigkeit iiberpriift. Unter den optimalen Bedingungen wurden 


en oxydiert. Diese Ergebnisse sind in Tabelle 


dann die einzelnen Typen von Alkohol 


1 zusammengefasst. Die ¢ yxvdationen wurden fast ausschliesslich in einer heizbaren 


lic Bestimmung det Sauerstoffaufnahme 


Theilacker’schen Hydricrapparatul die 


gestattetet, durchgefuhrt Fiir die Oxydationen bei Siedetemperatur wurde ein 


Siedekolben konstruiert, der mit cimer gesc! lossenen Umlaufapparatul verbunden 
war. bei der der Sauerstoff im Kreislauf umgepumpt wurde 


Als giinstigete Lésungsmittel, bei denen dic Oxvdation am schnellsten verlauft., 


erwiesen sich entweder stark polare wie Wasser oder unpolare Lésungsmittel wie 


Benzin. n-Heptan. Ketone wie Aceton und Butanon waren noch gut 
welcher einen erheblichen 


geeignet. 


Langsame Oxvdation erfolgte in Benzol und Essigeste! 


Sauerstoffblindwert aufwies Lésungsmittelgemische waren mit Ausnahme von 


Aceton—Wasser immer weniger brauchbat 


Zur Oxydation in Wasser wurde ein Platin-K ohle-Katalysator (107 
demonstriert die Hemmung der 


ig) verwendet. 
Dieser erwies sich als sehr giftempfindlich. Abb. 1. 


* Zusammenfass. U bers. verg Chem. 69, 600 (1957) 


*K. Heyns, / 558, 17) 
L. Mehitretter c det Mellics u. C. E. R st. J. Amer. Chem. So 73, 2424 (1951) 
Cc. L. Mehitretter whohvdrate Chem. 8, 244 (1993 
Hevns u. H. Paulsen, Chem. Ber 88. 188 (1955); K. Heynsu M. Beck, /bid 90, 2443 (1957) 
K. Heyns u. H. Paulsen, Cer Ber. 86, 833 (1953) 
a Anderson, E. S. De Luca. A. Bieder u. G. G Post, J. Amer. ¢ hem. Soc. 79, 1171 (1957): B. Lindberg 
u. B. Wickberg, Ar! Kemi 13, 447 (1959) 
“MK. Heyns u H. Paulsen, Cavern Ber. 89, 1152 (1956) 
1S RP. A. Sneeden u. R. B. Turner, J. Amer Chem. Soc. 77, 190 (1955) 
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Oxydation durch Zusatz verschiedener lonen. Besonders Calcium-lon hemmt stark 
die Oxydation, Aluminium-lon verlangsamt die Reaktion, Borax ist ohne Einfluss. 
In abgestandenem, destillierten Wasser, welches immer etwas Calcium aus dem Glas 
herauslést, dauerte die Oxydation von Isopropanol 700 Minuten. In frisch bidestil- 
liertem Wasser und in hochgereinigten Gefiissen war sie bereits in 50 Minuten 
beendet. Fiir die Oxydationen in Wasser wurde daher nur frisch bidestilliertes 


1 Katalysator ten Dei der Katalytischen Oxydation mit Kohle 


mit Calciun 
i-NaOH 


Lésungsmittel verwendet. Mit steigender Kettenlinge der Alkohole fiel die ¢ yiftemp- 
findlichkeit ab. Bei der Oxydation des Benzvylalkohols und Phenylathylalkohols 
konnten sogar schon Lésungen benutzt werden, die aus aufstehendem destillierten 
Wasser und Alkoholen handelsiiblicher Reinheit hergestellt worden waren 

In Wasser liessen sich nur die niederen Gliedet primarer Alkohole, lsopropanol 


und Glykole oxydieren. Dabei mussten die optimalen Oxydationsbedingungen fiir 


jede Substanz einzeln ermittelt werden, die Oxvdationszeiten lagen zwischen 10-30 


Stunden, die Temperaturen zwischen 20°—100°, die Konz. bei 2.5 mMol in 25 ml mit 


g Katalysator 
In neutraler Lésung lieferten primaire Alkohole bei der Oxydation Aldehyde, 
jedoch tritt durch die teilweise Bildung von Saure Hemmung ein, so dass die Aus- 


Alkali wird die Saure standig gebunden, 


0.3 


beuten gering sind. Bei Zusatz von | Mol. 
die Lésung bleibt alkalisch und liefert in guten Ausbeuten Carbonsiuren. Bei 2- 
wertigen Alkoholen z.B. Glykol wird bei Gegenwart von 1 Mol Alkali nur eine 


lie Oxyséure z.B. Glykolsdure erhalten. 


Hydroxylgruppe oxydiert und es wird die 
Innerhalb der homologen Reihe nimmt die Oxydationszeit mit steigender Ketten- 
lange stark zu. Auch sind die héheren Glieder nicht mehr wasserléslich. Es lassen 
sich aber nur homogene Lésungen oxydieren, da sonst der Katalysator zusammenballt 
und die Oxydation augenblicklich zum Stillstand kommt. Es gelingt, die héheren 
Glieder bis zum Octylalkohol durch Zusatz von Dioxan oder hydrotrop mit Na-p- 
toluolsulfat’® in Lésung zu bringen und zu oxydieren, jedoch ist es empfehlenswerter, 


die Oxydation dann gleich in organischem Lésungsmitteln vorzunehmen. Die 


CC. Neuberg, Biochem. Z. 76, 107 (1916). 


4 
+ 
| veraiftet 
je theoretischer Wert 
J 
1. Die Wirksamkeit 
K 
a, 4 a, Kaliwasser Calciumchlorid Ablau er auf Vergiftung 1chlorid 
vergiftete Dehydriecrung 
fey 
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Oxydation von sekundiren Alkoholen zu Ketonen wird durch den pH-Wert der 


Lésung nicht wesentlich beeinflusst. 
In Wasser nicht mehr lésliche Alkohole wurden in organischen Lésungsmitteln 


oxydiert. Dabei erwies sich ei reiner Platinkatalysator aus Platindioxyd nach 


Adams-Shriner'’ wirksamer als ein Kohle-Platin-Katalysator. Eine ausgesprochene 
Wirkung von Katalysatorgiften, wie sie bet Oxydation in wissriger Lésung auftrat, 
konnte hier nicht beobachtet werden. Das bei der Oxydation gebildete Wasser, 


welches sich zum Teil an der Katalysatoroberfliche niederschlagt, scheint fiir den 


Verlauf der Oxydation eie bedeutsame Rolle zu spielen, denn die Oxydationen 


selingt nur in einem bestimmten Konzentrationsbereich. Bei mit Wasser nicht 


itteln (n-Heptan, Benzin) scheidet sich, falls die Konzentration 


mischbaren Lésungsm! 
zu gross ist, das Reakthonswasser ab. verklebt den Katalysator und bringt so die 


Reaktion vorzeitig zum Stillstand. Diese Oxydationen sind daher nur in so verdiinn- 


ten Lésungen durchzufiihren, dass das Reaktionswasser vom Lésungsmittel noch 


aufgenommen werden kann In zu verdiinnten Lésungen ist die Oxvdation bemerkens- 


werterweise auch nicht moglich Finen Hinweis, dass eine gewisse Menge Wasser an 


der Katalvysatoroberfliiche fiir die Oxvdation vorhanden sein muss, geben auch die 


Beobachtungen iiber die Vorbe! andlung des Adams-Katalysators. Ein Katalysator, 
der aus lufttrockenem Platindioxyd (Degussa) hergestellt war, zeigte die schnellsten 
Oxvdationsgeschwindigkeiten, speziell getrocknetes oder in feuchter Luft aufbe- 
Platindioxyd ferte ' ntl weniger aktive Kontakte. Bei mit Wasser 


latindioxya erte wesentiicn eniger axktive 


wanrtes 


mischbaren Lésungsn (Dioxan. Butanon) wird das bei der Oxvydationsreaktion 


gebildete Wasser aufgenommen und dic Liésung bleibt stiindig homogen. 

Am schnellsten verlaufen die Oxydationen in n-Heptan. bei dem man aber gerade 
nur in diinnten Lésungen arbeiten kann. Fur grossere Ansiitze (in Konz. bis zu 
40 proz) bewiihrten sich bei sekt ren Alkoholen Dioxan und Eisessig, bei primaren 
Alkoholen Butanon. Ferner sind Essigester und Benzol gecignet, da diese noch 


‘ 
Die Oxydationszciten aller dieset Lésungs- 


Einwertige primaire Alkohok liefern nach Aufnahme von 1/2 Mol Sauerstoff den 
Aldehvd. In n-Heptan liegen dic Aldehvdausbeuten der niederen Glieder zwischen 
50-60 pro Bei Eingerkettigen Alkoholen steigen sie iber 90 proz (Palmitinaldehyd), 
wiihrend die Reaktionszeit stark abnimmt. 50 lisst sich z.B Dodecylalkhol in 15 
Minuten zu Laurinaldehyd oxydieren Bei Fortsetzung der Oxydation wird in 2 
Stunden quantitativ Laurinsiure erhalten Das dabei in doppelter Menge entstehende 
Reaktionswasser beeinflusste dic Reaktionszeit nicht wesentlich Das verfahren 


bietet somit eine sehr einfache Méglichkeit, langkettige Aldehyde in guten Ausbeuten 
darzustellen 

Doppelbindungen werden bei der katalytischen Oxydation nicht angegriffen, denn 
ungesiittigte Alkohole lassen sich gleichermassen Zu Aldehyden oxydieren z.B. in 
1.5 Stunden Tiglylalkohol zu liglinaldehyd in 74 proz Ausbeute. In gleichet Weise 
reagiert Geraniol. Bei der Oxydation von cis-trans-lsomeren bleibt die Konfiguration 
erhalten, so fiihrt die Oxydation von ¢ Yein-bzw. Elaidinalkohol zu den entsprechenden 
Aldehvden. Karrer und Hess'* haben bereits die katalytische Oxydation von Vitamin 
A zu Retinin durchgefuhrt. 


17 R. Adams u. R. L. Shriner, J. Amer. Chem. Sox 45, 1071 (1923), 46, 1683 (1924). 
18 QO. Karrer u. W. Hess. Helv. Chim. Acta 40, 265 (1957) 
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Cyclische sekundire Alkohole (Cyclohexanol) sind sehr leicht in 1-2 Stunden 
nahezu quantitativ in die entsprechenden Ketone zu iiberfiihren. Nach Sneeden und 
Turner verhalten sich alkylsubstituierte cyclische Alkohole dhnlich. allerdings 
nimmt mit zunchmender Ringverzweigung die Ausbeute ab und die Reaktionszeiten 
zu. Halogenalkohole lassen sich nicht zu den Ketonen oxydieren, sondern werden 
voéllig abgebaut, so wurde bei der Oxydation von «-Chlore yclohexanol nur Acetaldehyd 
als Abbauprodukt erhalten. Aromatische sekundire Alkohole entsprechen in ihrem 
Verhalten den cyclischen Verbindungen. Auch sie liefern annahernd quantitative 
Ausbeuten bei allerdings erhéhter Reaktionszeit. 

Bei den aliphatischen sekundiren Alkoholen wiichst die Reaktionszeit mit der 
Kettenlinge. Sie variiert von 30 Minuten bei lsopropanol bis zu 4 lagen bei Octanol-2. 
Alkoholische Gruppen in 2-Stellung sind leichter oxydierbar als in 3-Stellung, also 


in der Mitte der Kette. Alkohole mit verzweigter Kohlenstoffkette geben schlechtere 


Ausbeuten, ferner scheint die Oxydation zu C,-Ketonen besonders erschwert zu sein. 
Finzelheiten der Oxydation der verschiedenen Alkohole sind aus der Tabelle 1 
ersichtlich. Im ediuiaaiie Teil sind einige Beispiele aufgefiihrt. Die nicht 


gesondert genannten Oxydationen entsprechen in den Reaktionsbedingungen denen 


der in der Tabelle |] nnzeichneten Beispiele 


CAC 


EXPERIMENTELLER TEI! 


Es 
bei 40° mit Luft statt Sauer if oxydiert. Fn 5 Std wurden 44 cc (96° d.Th.) Sauerstoff aufve- 
nomme 0,55 ¢ n-Butyraldehyd-2.4-dir trophenylhydrazon I 103-107 57°, d. Th.), umkrist 
aus Petrolather F. 12] Die Titration ergab, dass 10°, des Alkohols zu Buttersdure weiteroxydiert 


worden 


: 
‘ 
1. Herste des Katalysators 
(a). Platin-Kohle-Ka or 76,2 g Carboraffin wurden mit halbkonzentrierter Salzsdure 
Ae drein iusgekocht, abges t und rirei sche Die gereinigte Kohl rde 1.5 1 Wasser 
suspendiert, 7,5 ¢ Plati H,Pt¢ in 80cc W er geldést d 15cc kor trierter Salzsdure 
pe rugefiigt. Dann wurde bei Zimmertemper r hydriert. Die Wasserstoffauf me betrug 31 Stn 
oa 3,61. Der Katalysator wurde igt, ¢ irei gewaschen und getrocknet. Ausb. 74 
ib). H / | \ (NH,),PtCl er Pla chale i 
} Bin € r Porzellansc ( er P chalk ‘ ener Kata itor war hiaufig iktiver. 
Di Ergeb $C rd einem P K \ or der Firma Degussa erzielt, der in ‘ 
"leicht der Ak tat geliefert rd 
(c). J | \ re Ste Hand praparate erwendet n-Hept wurd iber 
: Natr retrocknet d des rt. Eisess K MnO iblicher We rt. Dioxan, 
pur Merck” « Ace Spuren Glyc Peroxy LO tte 
fur Oxyd en nur uber eine Al,O.-S W o¢ und 
frakt ert destilliert wurde Als | mittels "EWE tes Dioxa vurde stets auf diese Art ‘ 
2. On wimare 
M ke 0.19 B 25 cc Wasser, 
5,0 cco N-NaOH, 0.25 cc D \3eP K K ite Sc elente 
vebrac iuf Or < ) Das Subst rae Luft 
LCS und der yr Saure Nach 17 Std ren 85cc 
Sauer ifgenor Nac \ h wurde Natrium-lone mit 
Lewatit ¢ H*-Form) entfer: if 0.23 ¢ Buttersdure durc refunden. 
Ausb. tl retiscl Butter er F. 82 
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TABELLE | 


Oxydations- Ausbeute Beding 
Kataly- zeit - Oxydations Nr. im 
sator in peratur produkt experi- 
Stdn in ¢ ment. T 


Substrat Lésungsmittel Bemerkungen 


Primdre 


Athanol alkalisch 


n-Propano 


n-Butanol 


ilkalisct 


alkalisc! 
Dioxan 


Pentano 


r 


Heptano!l 


Dodecy! 


aon 


Geraniol 
Oleit an i 14 ner 


alkohol! hy Aldehyd 


Elaidin 3 aidin 22 reiner 
alkohol aldeh Aldehyd 


= 

2 

4 

(a) Aliphatische, gesdltigte, einwertige Alkonhole 

n-Heptan PtO 5 41 Butyraldehyd 5 2a 

Eisessig 46 1s desg 33 2a 

Dioxan PLO 12 desg »9 a 79°. O, Ums 

Pivalinsdure 68 61 desg 33 a sehr unt 

n-Hexanol Wasser 25 Cap re 9 alkalisc 

n-Heptan 60 Onanthalde 2¢ 2b 135°,.0,Ums 

alan! yd 

F Met Pro 42 10 2 praparatiy 

Myrist n-Hept PtO 60 M 2h 

Cety Hept SY P 2 

alkonm | 
Steary Hepta 60 St 2k 
iikoho dehyd 
a he. vesdttigte tice A hole 
Givko Wasser Pt—¢ 1] Oxa j k 

Wasser d G iT 100 21 IM Alka 

Butandi Wasser Pi 32 des B om 

‘ 

i4 j 

Dekandio n-Heptan PLO 60 Sc S4 2 

4 

(c) Aliphatische, ungesdttigte, einwertige Alkoh =a a 

Tigly! n-Heptar PLO 2 60 Tig 17 2e | 
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1 (contd) 


TABELLE 


Oxydations- Ausbeute Beding. 
Kataly- zeit tem- Oxydations- ° Nr. im 
Substrat Losungsmittel . in % Bemerkungen 
. sator in peratur produkt experi- 
Stdn in ¢ ment. T 


(d) Aromatische Alkohole 


Benzyl- n-Heptan Po, l 60 Benzal- 78 2g 
alkohol dehyd 
Wasser Pt 10 Siede- Benzoe- 97 2g alkalisch 
temp sdure Toluolsulfo - 
sdure 


Phenyl- n-Heptan PtO 1,5 60 Phenylacet- 34 2b 
ithyl aldehyd 
alkohol 
Wasser Pt¢ 12 Siede Phenylessig 90 22 alkalisch 
temp sdure roluolsulfo- 


Saure 


Sek unddre {lkohole 


| 60 desg 85 2a Ohne Alkali 


8 dess 6 3a praparativ 


Alicve he und ar he A 


Cyclopenta Heptar 


nol tanon 
Cyclohexa n Heptan PLO, 1,5 20 ( cilonexa 9? th 
nol non 
Normal PLO, 4 18 desgl 90 3b 
Benzin 
Normal Pt—€ 24 48 desgl 60 3b 
Benzin 
Essigester PtO 8 20 desgl 59 3b 
a-Chlor- Dioxan PtO 18 Acetal 3b wird abge- 
cyclo dehyd baut 
hexanol 
Cyclohepta- n-Heptai PLO, l 7 Cyclohep- 99 3b 
nol tanon 
ue Benzhydrol  n-Heptan 23 37 Benzophenon 98 3¢ 
2-Methyl- Essigester 18 20 2-Methy! 50 Lit. 15 
cyclo- cyclohexa 


non 


hexanol 


| 
a : (a) Aliphatische A hol 
4 lsopropanol 1 Heptar PtO 17 ton 9] ta 
Wasser Pt-( 
Dioxa PLO 23 
n-Pentano n-Heptar Pto l Pentanon-2 77 3a 
Normal PtO 8.5 20 desg 6? 3a 
Dioxar PLO 18 desg 54 lo 
4 a 
Pentano n-Heptan PLO 5.5 1¢ Pentanon 
I PtO 120 3? d 70 3a 
n-Hexanol-2 Heptar PtO 6 l Hexanon-2 sa 
Dioxar PLO 24 20 15 
Methyliso Dioxan PtO Methvliso 56 ta a 
butylcar yutylketor 
pinol 
d Octanol-2 n-Hepta PtO 20 Octanon-2 3a 
PLO 20 Cyclop 82 
: 
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thohol cu Laurinaldehyd in n-Heptan 0,64 g Dodecylalkohol in 20 cc 


eX elente ciner Theilack d ratur 


> 
. . : re Evakuieren W asserst erse j erk or | 
‘ die Sx ‘ e auf d Oxy stionst ern 
Nac 1 Are 42 cc Sauverstofi 
I 
) 
\ F. 40-4 R,-Wert 0,49) 
< 
On 
ave 
| 
4 
( ( 24 N 
A 
ergat 
C 64.54 18 5s N 12 
4 
0 Sd! r. Nac 
w 
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Nach 1} Std wirden 47 cc Sauerstoff aufgenommen. Es wurden 78°, d. Th. Benzaldehyd-2,4- 
Dinitrophenylhydrazon erhalten 

(h). Myristinaldehyd aus Myristinalkohol: 0,78 ¢ Myristinalkohol in 25 cc n Heptan wurden 
mit 0,17 g Platindioxyd bei 60° wie 2(b) oxydiert. Fn 25 Min wurden 44 cc Sauerstoff (105° d. Th.) 
aufgenommen. 1,3 ¢ Rohhydrazon ergab nach Umbkristallisieren aus Benzin Myristinaldehyd-2,4- 
dinitrophenylhydrazon in 91 Ausb 

(i). Palmitinaldehyd aus Cetylalkohol: 0,78 ¢ Cetylalkohol wurde wie 2(b) oxydiert. Nach 74 Std 
war die theoretische Menge Sauerstoff (37 cc) aufeenommen. 1.28 g Palmitinaldehyd-2,4-dinitro- 
phenyl! ydrazon, F. 95° (95°. d. Th.) 

(k). Stearylaldehyd aus Stearylalkohol: 0,87 g Stearylalkohol wurde wie 2(b) oxvdiert Nach 
30 Min. 40cc Sauerstoffaufnahme 132¢ irylaldehyddinitrophenylhydrazon, F. 107-108 
(92°. d. Th.) 

(1). Modell-Oxydation 1A len Kol dure in ykol in 25 cc Wasser. 

N-NaOH mit 03 oh italysat <detemperatur mit ft in einer 


ratur rt varen rston nme ifart tung 


sucn 


54 


ae 

der xvdierten | 0.4 ire. ©xalisaure war nicht nachweisbar. 

Das Papierchromatogran civte ir Glykolsaure. R,-Wert 0,47 Die Ausbeute ist theoretisch 

(m). Modellox\ { i Oxalsdure Wa 0.21 ¢ 25 cc Wasser. 

? 7,1 cc N-NaOH 10.3 ¢ Plat Kohle-Katalysator wurden bei Siedetemperatur mit Luft oxvdiert ; 
Nach 11 187 cc Sauer aulg iure ais Verb lungen 
mit ¢ b funkt vare ler Ox il e1sdal 
Sehacindiald D 1.10: 0.7¢D 25 Heptan wie 
. 2(b) bei 60° oxydiert. Nach 1,5 Std waren 1 Mol $ fgenommen. Es ergab sich in 99° 

Aush. « F. 147°. ch mit den We d und Mitarbeiter beschriebenen 

(a). Octanon 2 aus n-Octa 2: 0,46 2 Octar 2 15 cc n-Heptan v e Versuch 2(b) 

mit 0.19 ¢ Platindioxyd bei 20° mit Sauerst er Nach 4 Tag f ?cc Sauerstof 

(8 i. Th.) auf 0.95 N R B K 

i wurde 0.6!) (oct {(2)-2.4 troy ifa (SU | Cl Sta rt ius 

Pe trolat Cr 69 

dD). f 0.40 rm 10 n-Hep 0.20 ¢ Platin- 
d ci 20 Ver Nach 40 M 47 cc Sauersto 
(82 iuf 02 Cyc » 4 yd F. 143 Umkristalli- 
rere i Alk cT +4 \ 82 
Oxvad B Be 5 x Heptan w bei 37 19 
Plant ind S Vers. 2 2358 SocS t 
men (99 |. Th.) Nac \ f es | els ( } B ) } I B ‘ 
phe oxim F. 144.5 
MW &/ } 
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CARCINOGENESIS BY THIOPHENE ISOSTERS OF 
POLYCYCLIC HYDROCARBONS 


SYNTHESIS OF CONDENSED THIOPHENES 


B. D. TILAK 


al Technology. University of Bombay 


Abstract —Contributior topics have 
been reviewed ar by thiot ste poly irbons in connexion 


Thiophene isosters of polycyclic carcinogenic hyd 


CHEMICAL carcinogenesis has been extensively investigated and several reviews on 


Among the large number of chemical carcinogens, the 


the subject are available 


polycyclic hydrocarbons are the most systematically studied in view of their structural 


the steroids on the one 


no nas 


relationship to the naturally occurring compound such as, 


hand. and their association with certain forms oO! occupational cancer on the other 
hydrocarbons have been prepared with the view to study the 


j gical activity Majority of poly- 


Series of closely related 


relationship between chemical structure anc 


evelic hydrocarbons, that have proved carcin are phenanthrene derivatives 


suitably substituted by alkyl groups or with fused aryl ring attached to phenanthrene 


Many heterocyclic analogt these carcinogenic hydrocarbons such as, acridine, 


have also proved to be carcinogenic 


carbazoles and thiophene derivatives | I hese 


facts led Robinson to suggest that the e 1e tructural feature for carcinogenicity 
m [ vated phenanthrene bridge (the 9,10- 


double bond in phenanthrene shown by < ricks in formulae) which needs to be 


view. Robinson and Tilak initiated a programme of 


in the polycyclic hydrocarbons 


unsubstituted.- With this end in 
synthesis of thiophene tsosters of carcinogenic hydrocarbons, wherein the sulphur 


atom in the thiophene ring replaced t 
In this connexion, compounds 11. lV and IVA were prepared 4 As against the 
only slightly active when painted 


he key phenanthrene bridge 


activity of I and Il, prepared earlier’’® Ll was 


on mice and inactive when injected subcutaneously.’ The inactivity of Ill was 


B.D. 

‘ak. D. 1 

R. B. Sand ind ” 3102 (1940) 

I He erg an 63, 2563 (1941) 


= | 
Tetrahedron, 1960, Vol. 9. pp Pergamon Press Lid. Primed in 
Se (Received 29 October 1959) : 
with the study of the rok 10-doubike . 
condensed phenes nd thiapyrans The survey als includes a consider ible amount 
= 
ee ) A. Haddow, Brit. Med. Bull. 4, 314, 331 (1947) 
L. Hartwe Sur ‘ r Car U.S. Public Health Service (1951) 
G. M. Ba A CH & Pr 17, 14 (1950) 
Ne. Ph. Buu-Hoi, r. 13, 23 (19582 
(oe) G. M. Research Vol. Ul, pp. 73-127. Academic Pre New York (1954) 


Carcinogenesis by thiophene isosters of polycyclic hydrocarbons 


attributed to the absence of the phenanthrene bridge, since high activity again emerged 


in the case of [IV and IVA which contain a phenanthrene bridge 


Me Me 


Pullman ef a/. and Coulson approached 
Summaries of their con- 


While the above data was being collected, 
the problem from quantum mechanical considerations 
clusions are available in recent literature.’:* Since the first step in carcinogenesis 
involves a reaction of the carcinogen and a cellular receiver probably of an electro- 
philic nature, Pullmann’ postulated that the “K-region” should be sufficiently active 
and that the **L-region”’ (meso positions in anthracene residue) should be inactive (by 
y methyl groups). The activities of these centres were expressed in 


substitution, e.g. b 


terms of electrical indices calculated by Pullmann on the basis of bond localization 


energies. There are, however, certain exceptions which are difficult to explain on the 
basis of the Pullmann hypot! 
Ihe interaction at the phenanthrene bridge 


anthracene has been demonstrated by Heide berger.” This work indicates that the 


in the metabolism of 1:2.5:6-dibenz- 


i 


phenanthrene bridge is involved in carcinogenesis by 1 :2,.5:6-dibenzanthracene 

Ihe synthesis of key thiosters of carcinogenic hydrocarbons wherein the 
‘K-region”™ is replaced by isosteric substitution by means of thiophene has been 
continued by the author.* Thus thiosters of the following carcinogens were prepared: 
9,10-dimethyl-1 :2-benzanthracene (V), 1:2,5:6-dibenzanthracene (V1), 9.10-din ethyl- 
1:2,5:6-dibenzanthracene (VII), 1:2,7:8-dibenzanthracene (VIII), 9.10-dimethyl- 


| :2,7:8-dibenzanthracene (1X), 3 4-benzphenanthrene (X), chrysene (X1), 3:4-benz- 
pyrene (XII) and 1:2,5:6-dibenzphenanthrene (XIII) [he phenanthrene-bridges 


referred to hereafter as PB/s are shown by asterisks and the thiosters synthesized are 
e with the hydrocarbons in Chart | 


Thiosters of 9.10-dimethyl-1:1-benzanthracene (V). The carcinogenic activity of 


shown alongsid 


the thiosters I, I] and III has been discussed earlier. Isoster VA has also been 


prepared,’” but could not be tested for want of material 


4. Pullmann and B. Pullmann, Advances in Cancer R kA Vol. Ill, p. 1711, Academic Press, New 
York (1955) 

*¢ A. Coulson, Advance n Cancer Research Voli. |, pp. 1-56, Academic Press, New York (1953) 

* P. M. Bhargava, H. 1. Halder and C. Heidelberger, J. Amer. Chem. Soc. 77, 2877 (1955): 78, 3671 (1956). 


V. V. Ghaisas and B. D. Tilak. J. S« Ind. Re India 14B, 11 (1955) 
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Thiosters of 1:2,5:6-dibenzanthracene (V1). 


and remains to be tested." 


Thiosters of 9,10-dimethyl-1:2,5:6-dibenzan 
powerful carcinogen than VII" and the hig 


wherein both the PBs are removed, however. 
expectation that it would be inactive.” 
Thioster 2.7 :8-dibenzanthrac CV 
been recently synthesized wherein the two PB 
These compounds have yet to be tested. 


Thio 


sfers of 9 nethyl-| :2.7 


Q 


the key thioster IXB, wherein both the PBs we 
Thiosters of 3:4-benzphenanthrene (X). All 
XC'* of this weakly active carcinogen X have 
(X1). Conflicting I 
carcinogenic activity of chrysene.”” Out of 
XI¢ is the key compound XI¢ wher in bo 
noncarcinogenic.* Cor 


Thiosters of 3:4-benzpyre 


Thioste of chrysene 


ne (X11) 


of 3-desoxveduilen n (XIV) and sOXVI 
preliminary step in the synthesis of B-not 
thiaestradiol (XVB). It is of interest to ci 


properties of these thiosters and the correspor 


structure of polycyclic hydrocarbons and their 


4 D—D. S. Rao and B. D. Tilak, J. S$ Ind. Re India 17B, 
2K.J.R is. W ekar, J. Nat. ¢ r 
K.J. Ra Ss. S. W k P 

N. P ind B. D. T k, 


rf 
V. ran a 
°K. Rabindran and B. D. T ak, P7 Indian A 1 
‘7 K, Rabindran and B. D. Tilak, Py Indian Acad. S 
48 R. B. Mitra, L. J. Pandya and B. D. Tilak, J. Sci. J 
19 V. V. Ghaisas and B. D Dilak, J. Sci. Ind. Res., J l 
*° B. D. Tilak, Proc. Indian. Acad. Sci 
“1 L. J. Pandya and B. D. Tilak, Chem 


* R. B. Mitra and B. D. Tilak, J. Sci. Ind. Re 


replaced by sulphur” and the compound has proved inactive.” Compound VIA, 
wherein only one of the two PBs in VI is replaced, has been synthesized very recently, 
have been replaced stepwise as in I1VA*.4 and VIIB.19 Compound IVA is a much more 
activated PB instead of two competitive PBs as in VII.4 
(VIII). 
s in VIII have been removed stepwise. 
PBs in LX was replaced, a hig ly active carcinos 


carcinogenic, contrary to its expected inact 


the three thiosters XIA,2° XIB"® and 
th the PBs are ren oved, 
pounds XIA and XIB are also inactive.?”,1 


This thio 


of 3:4-be1 pyrene XII e unafiected 1s under study for its carcinogenic activity 
Thiosters of i325 O-dipenzpnenanthrene | IIT) AS against the weal Carcinogenic 
activity of XIIL’° its thioster 1:2,5:6-dibenzo-9-thiafluorene (XIIIA)"’ has given a 
highly toxic initial reaction when given subcutaneously to mice.2* The test is still in 
progress 
Thiost f phen vids. Compounds XIVA™ and XVA® which are thiosters 


-6-thiaequilenin (XIVB) and 


npare the 


In conclusion it may be said that the interrel: 


2 R. B. Mitra and B. D. Tilak, J. S Ind. Res., India 14B, 
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In compound VIB both the PBs are 


thracene (VII). The two PBs in VII 


h activity was attributed to a single 
[he key thioster VIIB, 
proved highly active contrary to the 


Thiosters VIILA!® and VIIIB"™ have 


fhracene (1X). 


ven IV resulted as expected.4 


When one of the two 


However, 


re removed’ 


’, also proved to be highly 


the three thiosters XA. XB."%,17 and 


proy ed inacti\ 


eports have appeared as regards the 


has proved 


ster XITA*! in which the two K-regions 


tradiol (XV), were synthesized as a 
B-nor-6- 


Carcinogenic and estrogenic 


ding natural steroids. 


ition between carcinogenicity and the 


thiosters does not appear to be simple. 


iv 
18, 
K ISB, 198 (1 
37A, 114 (1953) 
4 
ISA ] 53). 
k India 16B, 348 (1957). 


6B, 345 (1957) 


132 (1955); 15B, 497 (1956) 
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4 
15B, 573 (1956). i 
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The carcinogenicity of some of the thiosters which do not contain a phenanthrene- 


bridge cannot be fitted into the K- gion hypothesis and it seems | kely that the sulphur 


atoms in these condensed thiophenes have their own characteristic reactivity towards 
a biological substrate. A study of the n etabolism of the above condensed thiophenes 
is undoubtedly an important aspect which needs to be investigated in order to study 
the comparative bio ogical activity of thiosters and ther hydrocarbon counterparts, 
and to find out whether the sulphur atom 1s in plicated in metabolism. | xperimental 
support to the latter suggestion is forthcoming from the recent studies on the meta- 
bolism of dibenzothiophene (given orally to rats through diet) when 2-hydroxy- 
dibenzothiophene-5,5-di yxxide was isolated (from urine) 24 

Synthesis of condensed thiophenes The synthesis of thiosters of carcinogenic 
hydrocarbons necessitated exploration of new and better synthetical approaches to 
condensed thiophene ring system. Prior to the present work®.*’ perhaps the best 


method for the synthesis of thionaphthene and its derivatives (where the thiophene 


ring was located at the end of the fused ring system) consisted in cyclodehydration of 


arylthioglycolic acids (XVI) to corresponding thioindoxyls (XVII), followed by 
reduction of the latter to the corresponding thionaphthenes (XVI). 

The above method is not very satisfactory, because of low yields in the cyclo- 
dehydration and reduction steps and the susceptibility of the thioindoxyls to air 
oxidation (conversion to thioindigo dyes). 


Hartough and Meisel’s survey of the literature on the subject” reveals ample 
‘T. B. Panse and B. D. Tilak, Unpublished work 
B. D. Tilak. Proc. Indian Acad. Sci. 32A, 390 (1950) 
H. D. Hartough and S. L. Meisel, Comp unds with Condensed Thiophene Ring Interscience, New York 
(1954) 
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CH CH } 


XVI XVII XVII 


Opportunities for contributions in the field of condensed thiophenes. The present 


paper gives a summary of the several new and general methods for the synthesis of 


condensed thiophenes developed by the author. 


Synthesis of condensed thiophenes from arylthiols 


One or more thiophene, thiapyran, thionaphthene and naphthothiophene ring 


systems were fused to an aromatic residue by starting from aryl mono- and di-thiols on 


the one hand and halogenoacetaldehyde dialkyl acetals?.2 and z-halogenocyclic 
ketones (2-bromocyclohexanone”’ and 2-bromo-1-tetralone!”) on the other. These 
approaches may be summarized as follows 

Method 1: Fu 1 of one oj e thiophene or thiapyran rings to an aryl residue®.® 


j i 
Wethod til Fusion of a hapninothopnene ring system to an arvi residue 


Tilak, Curr. Sci. 20, 207 (1951); Proc. Indian Acad. Sci 36A, 411 (1952) 


nand B. D 


-——¢o —, 
Ar > 
an 
H(OR 
SH Cl, br ~ 
R Me. Et 
I] fu opnene ] Gn arvyi residue 
Ar + > > 
0 
Ar + > 
SH Br S S 
K. Rabind 


D. TILAK 


1. CONDENSED THIOPHENES FROM ARYL THIOLS AND HALOGENOACETALDEHYDE- 
.LKYL ACETALS (Method 1)* 

N Condensed thiophenes from Ref 

, I 25 

> > 
10 B B 13 
14 M crude 

cde 6-Me« 62 3] 

15 M 82 M 18 

17 84 6-Methoxy-5-methy] 64 31 
: * Where t nd, t t ket efers to yield O1 U purer 
aa *K.R dra B. D. Tilak, Curr. Sci. 20, 205 (199! . 
A. Sunt k B. D. Tilak, / 32A, 396 (1950) ‘ 
C. Hans d B.S Org. Chem. 20, $3 

K. Rabind k nd B. D. Tilak, tcad. Sci. 346A, 405 (1952) 
a AV. Sunthankar and B. D. Tilak, Proc. Indian Acad. © 33A, 35 (1951) oe 

: 
: 

cae 
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TABLE | (contd.) 


Aryl w-dimethoxyethy! 


sulp! 1de 


a 
— — = 
No — from Condensed thiophenes from Ref. 
thiol lp! ide 
18 N yl «w-dimethoxy 40 +:5-Benzothi 54 20 
19 N 69 ) 1) 
«o-Dime xvyethv! ilphicde VI and 32? 
} 
20 Chioro-l | b 1’:2 3? 33 
21 1] 32 33 
22 P B 3¢ 34 
4 2-7 1¢ 5 
1 & 
; 2 B ) P 
1] 
69 
H. D D.S.R B. D. Tila Chem. &] 464 (1957) 
Vv. K. D B.D. k. P j 33A. 78 (1951) 
“B.D. Tilak, P Sci. 33A. 85 
V. B.D. Curr. S 22. 184 (1953 
B.D. T / 39A. 14 (1954) 
* D. S. Rao and B. D. Tilak, J. Sci. Ind. R India 13B, 82 )54) : 
*D. S. Ra ind B. D. 7 ido ind. R: India 16B, 65 (1957) . 
** H. S. Desai and B. D. Tilak. 1 npublished work 
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ensed thophenes from 


thoxyethy! 


sulphide 


The condensed thiophe and thiapyrans synthesized 0 thods I. Il and III are 


tabulated in Tables | 
Melting points ar 
also included in Tables | and other tables that follow 

Scope and limitation of Te il and Ul. The general applicability of the 
methods for the ithes! idensed thiophenes will be obvious from the large 


number of compounds ntl zed (Tables 1-3 The only requisite for fusing a 


thiophene or a condensed thiophen ig tem appear to be an arvi thiol with free o 
or peri position to enaodle acela 


side chain in Method I or the cvclodehydration of the 2 arylmercapto-cycloalkanones 


in Methods HI and III 


The scope of Method I in the substitut hionaphthenes appears to be largely 


limited to 5-, 6-, and /- substituted derivatives” alt iwh in one instance, 4-chloro- 


thionaphthene has also been prepared hy this method. It may be mentioned that 
prior to the developement ol Method I. only very few substituted thionaphthenes 
with substituents in the benzene half of the molecule were known The latter type of 
thionaphthenes where the substituent is Cl, Br, O Me. Me. Et are now readily 
svnthesizable by Method I When the substituent was a nitro group the vield of the 
thionaphthene was very low2® Other thionaphthenes containing substituents such as, 
hvdroxy.’ amino,” cvano" and carboxy groups were then synthesized, starting 
from suitably substituted thionaphthenes prepared by Method I. Starting with aryl 
dithiols two thiophene rings have been fused to a benzene or naphthalene ring. In the 
case of «-thionaphthol, the end products were 6 7-benzothionaphthene and naphtho- 
Naphthalene-1 ,5-dithiol likewise gave a 
With the exception of a recently described thiapyran,” these compounds appear to be 


} Pandya. D. S. Rao and B. D Tilak, J. S Ind. Re India 18B, 516 (1959) 

B. Mitra, K. Rabindran ar iB. D. Tilak, J. S Ind. Re India 158, 627 (1956) 

G. Anderson, Jr., W. F. Harrison Anderson and A. G. Osborne 1. Amer. Chem. Soc. 81, 
1255 (1959) 


x4 

Aryl «-dime from R 
thy] 80 Napht 1,2-b,4 
3 { a Ave y 
d shenc m.p 
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the only two examples of aromatic thiapyrans. Both are deeper in colour than the 
corresponding thiophenes and give characteristic black coloured picrates as against 
yellow, orange or red coloured picrates given by condensed thiophenes. The structure 
of the bis-thiapyran from naphthalene-|! ,5-dithiol sugg “sted by the author has been 
questioned by Banfield et a/ However, since desulphurization of the product gave 
1,5-diethylnaphthalene, the structure Suggested by the author is undoubtedly 
correct.” It is, however, interesting to record that cyclization of 1,5-di-acetonyl- 
mercaptonaphthalene gave exclusively 3,8-dimethyl-(6,7 7°.6 )-dithionaphthene, no 
thiapyran being detected. Similarly naphthalene-1,4-dithiol and naphthalene-1,3- 
dithiol also led to naphtho-(1 :2-b,4,3-b -dithiophene and naphtho-(1 :2-b,3 :4-b’)- 
dithiophene respectively (Table 1). The structure of the latter con pounds was proved 
by desulphurization and identification of the corresponding diethylnaphthalenes.* 
Method I is applicable to thiols derived from both, homocyclic as well as heterocyclic 
aromatic compounds such as, thiophene and thionaphthene, although w-dimethoxy- 
ethyl 2-pyridyl sulphide failed to cyclize on treatment with PPA as discussed later.?°.49 
In majority of cases the method has led to condensed thiophenes of unambiguous 
Structure, but where more than one possibility exists as regards the direction of 
cyclization of the sulphide side chain, the structures of the resulting condensed 
thiophenes have been proved either by suitable degradations (desulphurization, 
oxidation, etc.) or by unambiguous synthesis (e g. by blocking alternative cyclization 
positions by means of chlorine and dechlorination at a later Stage) 

Cyclization of the sulphide chain carrying the acetal group 1s best effected by the 
action of polyphosphoric acid (freshly prepared by mixing P,O, and H,PO,) under 
reduced pressure or at atn ospheric pressure in the presence or absence of boiling 
solvents such as, benzene, chlorobenzene or o-dichlorobenzene. Banfield et a/.* have 
have used stannic chloride in chlorobenzene for the cyclization of acetals but they also 
found that PPA gave higher yields of the condensed thiophenes 

A series of condensed thionaphthenes and benzothionaphthenes have become 
available as a result of Methods II and III. Several of these compounds are of interest 
in the study of the chemical carcinogenesis discussed earlier in this paper. Whereas in 
Method I. thiophene or thiapyran rings are fused at the end of an aromatic ring 
system, in Methods II and III. benzothiophene or naphthothiophene rings are so 
fused. As against two Steps involved in Method I, Methods II and II] require three 
Steps (condensation, cyclodehydration and dehydrogenation) for the conversion of 
arylthiols to condensed thiophenes. The yields in all the three Steps are generally 
satisfactory. The scope and limitations of these methods are nearly the same as those 
for Method I. However, as against Method I. x-thionaphthol and naphthalene-1,5- 
dithiols did not lead to condensed thiapyrans'®.** but to condensed thiophenes. The 
problems in structure determination were the same as in Method I and were dealt with 
similarly. As against the stability of halogenoacetaldehyde dialkyl acetals, 2-bromo- 
cyclohexanone is unstable and has to be freshly prepared and immediately used for 
condensation with arylthiols. This condensation is effected in aqueous alkali or in 
ethanolic sodium ethoxide. An alternative method consists in the use of pyridine 
* J. E. Banfield, W. Davies, B. C. Ennis, S. Middleton and Q. N. Porter, J. Chem. Soc. 2607 (1956) 
“ M. K. Bhattacharjee and B. D. Tilak, Unpublished work 
* K. Rabindran and B. D. Tilak. Py Indian Acad. Sci. 7A, 557 (1953) 


* L. J. Pandya, Ph.D. (Tech.) Thesis University of Bombay (1959) 
* G. R. N. Sastry and B. D. Tilak, Unpublished work 
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which was employed in the condensation of thiophenol*” and naphthalene-1,5- 
dithiol.“2 C yclodehydration of the 2 2-arylmercaptocycloalkanones was generally 
effected by the action of the following reagents: (1) P.O, , at 160-180", (2) P,O.-H. PO, 
mixture at 175—190° in vacuum or at atm iospheric pressure, (3) P,O, in boiling haaniien 


or chlorobenzene. The hydroaromatic condensed thiophenes obt: dead were dehydro- 


genated by several agents, although treatment with selenium at 300-350 gave best 


results.” 


TABLE 4.—CONDENSED THIOPHENES FROM DIARYLS 
(Method IV) 


Condensed thiophenes obt uned 


xture) 


l thionaph- 


lithionaph- 


hionaph- 


ionaph- 


S nthesis condensed thiophe l@s fro Among tl different I 1ethods 
available for the synthesis of condensed thiophenes. the one st p synthesis from 
diaryls by interaction with sulphur and anhydrous al inium chloride is an attractive 


route which does not appear to have been much studied. The approach (Method IV) 
has now been studied in the case of 2 and 3-pheny! thionaphthenes; meta- and para- 
terphenyls, 2,2’-,3,3'-, and 2,3’-dithionaphthenyls and the results obtained are 


summarized in Table 4 


Ar 


Method 1V. Aluminium chloride used in the thionation effects partial isomer- 


ization of the dix iryls. Several isomeric condensed thiophenes are, therefore, formed 


in the above synthesis and the structures of the condensed thiophenes so obtained have 
to be proved in each case. In the latter connection, aluminium chloride induced 


| 
No Diaryls used ee Ref | 
by thionation Yield ‘ 
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thene 14 
thence J 
3 2’-Dithionaphtheny! hieno-(3,2-b, 4,5-b’)-dith 14 
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heen undertaken, as also the synthesis of a dithiophene analogue of 3:4,9:10-dibenz- 


pyrene (the suspected carcinogenic factor in tobacco tar)” starting from 3,10- 


dibromopyrene 

Synth of condensed thiophenes fromdiary|sulphones A few condensed thiophenes 
have been synthesized by the cyclization of diaryl sulphides by the action of arylsodium 
and/or arvilithium™ derivatives, and hy the action of sodium amide on diaryl sulph- 
the for of dipheny! sulphone >. ?’-dilithium (XXI11) from 


) 


oxides In view ol 
enyl sulphone (XX1)™ and the synthesis of 2,2 - and 3,3 -dithionaphthenyls from 


diph 


ymothionaphthenes by the action of cupric chloride on the corresponding 


nts.*” the possibility of cyclization of XXII by interaction with cupric 


ane 


Grignard reage 


chloride was investigated. It 1s of interest to record that a little of dibenzothiophene 
.e with the expected sulphone XXIII (vield 70°.). The latter was 

ted to dibenzothiophene in good y eld by reduction with lithium 
um hydrnd rhis synthesis (Method VI) may also prove to be of general 


diary! sulphones as 


Vethod VI oF ai ary atives of conde nsed thiophe nes 


(Method VII). Synthesis of 3-alky! and ?.3-dialkyl thionaphthenes bv cyclodehyd- 


Ss CHR—CO—R has been reported by 


that cyclodehydration of sulphides 


ration of aryl 2-ketoalkyl sulphides ( Ar 


Werner. Banfield ef have suggested 
S—CH CO—R leads to 3-alkylthionaph- 


represented by the general formula Ar 
yithionaphthenes where R is an aryl 


thenes. where R is an alkyl! group and to 2-a! 
tigation of Banficld’s work has re vealed that both 2-aryl and 3-aryl 


group. A re-inves 
thionaphthenes were formed when ary! aroyimethyl sulpl des were treated with 
polyphosphoric acid at 170-180°.°° The structure ot 3-arylthionaphthenes was proved 
by two unambiguous synthesis involving the Grignard reaction (1) starting from 


3-halo-(iodo or bromo) thionaphthene (and related compounds) and cyclohexanones”” 


Venkat 
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“E.G. G. Werner Re Tra Chim. 68, 509 (1949) 

J. E. Banfield, W. Davies, N. W. Gamble anc S Middleton, J. Crem. 4791 (1956) 
*D. S. Rao and B. D Tilak, J. Sei. Ind. Res India 188, 77 (1959) 
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and (2) starting from thioindoxyl (and related compounds) and arylhalides (bromo 


or iodo).** 
The 2-aryl and 3-aryl-thionaphthenes and related compounds which were 


synthesized by cyclodehydration of compounds of the type Ar—S—CH,—COATr' are 


listed in Table 6. The general method of synthesis (Method VIT) may be represented 


as follows 


Ar’ 


A reaction mechanism to account for the formation of the two 


Vethod Vil 


isomeric arylthionaphthenes in the above method has been suggested.** The relation 


between the yield of the two isomers and chemical structure of the intermediate 


sulphides is under investigation Another point of interest in this study is the possible 
} 


use of the arylthionaphthenes in the synthesis of condensed thiophenes by the Method 


discussed above 


thiophanthrenequinones and related com- 


Svathesis of condensed thiophenes 


pound rhiop! anthrenequinones and related benzo-derivatives were prepared from 


thiotsatin as follows 


Method VIIl. The above method was first suggested by Mayer* and was used 


subsequently by the author for the synthesis of several thiophanthrenequinones 
of the type XXIV.’ 4.10.15 which were required in the synthesis of meso-dimethyl 


derivatives. The latter compounds were required in the study of chemical 


carcinogenesis discussed earlier in the paper. 
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Removal of the quinone group in the above thiophanthrenequinones by reduction 
appeared to be an attractive route for the synthesis of several condensed thiophenes 
which are of interest in the above study of chemical carcinogenesis. The reduction 
step, however, proved difficult, and with the exception of 2:3-benzo-4:9-thiophan- 
threnequinone which was reduced by zinc and ammonia in poor yield (cf. Mayer), 
the other quinones were not amenable to reduction by means of milder methods such 
as, treatment with zinc and alkali, lithium aluminium hydride, two step reduction by 


conversion to anthrone and subsequent reduction by zinc and alkali. When a more 
| 


drastic method of reduction such as zinc dust distillation was employed, the sulphur 
atom was removed (e.g. formation of 3-phenylphenanthrene from 2:3,7:8-dibenzo- 
4,9-thiophanthrenequinone*) and und ilder conditions such as Clar reduction, the 
intermediat nthrones were obtained.*:* Recet tly two condensed thiophenes have 
been prepared in low yield by the reactio equence outlined above (Method VIII). 

By employing the above procedure, compounds VIA and VIIIA (see Chart I). the 
thiosters of the carcinogens 1:2,5:6-dibenzanthracene and | :2,7:8-dibenzanthracene, 


have been prepared in low yield."* In view of the facile synthesis of anthrones [either 


through the diarylmethane-o-carboxylic acids (as outlined above) or by reduction of 
quinones], the above method of removal of the quinone groups may prove of general 


interest. Thus anthraquinone and 2-met! ylanthraquinone have been reduced to 


anthracene and 2-methylanthracene through the corresponding anthrones, either by 
Clar reduction or by the action of lithium aluminium hydride. 
Although the above synthetical ds for condensed thiophenes were initially 


developed in connection with the synthesis of thiosters of carcinogenic hydrocarbons, 


the work is a 


moin he 1, foil no* 
So interesting in the study of the following: 


(1) Precise nature and extent of isosterism between thiophene and benzene in 
their polycyclic derivatives, 
(2) fine structure of fused thiophene ring systems, 
(3) general chemistry of condensed thiophenes and 
(4) nature of sulphur containing con pounds in the higher boiling fractions of 
petroleum. Indeed, on account of the latter interest, major portion of the work on 
condensed thiophenes in progress over the last three years, has been financed, out of a 
generous grant from the Petroleum Research fund of the American Chemical Society. 
he condensed thiophenes are also being studied under the American Petroleum 


Institute Research Project 48, which deals e synthesis, properties and identifica- 


tion of sulphur con pounds in petroleum. 


icknowledgements—I am indebted to Sir Robert Robinson at whose suggestion the work was 
initiated in 1944 at Oxford. I am also grateful to my research colleagues wl work is referred to 
herein his research was supported in part by a grant from t Petroleum Research Fund 
administered by the American Chemical Society. Grateful acknow ledgement is hereby made to the 


donors of the said fund. 
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3 chloride in an analogous way t nzoy ride 
diketone I was py! ¢ id d drogenated th copper powder. Owing to the : 
sensitivity of the resulting dibenzol ptazethrene™ the eld was rather poor. Better : 
results were obtaines t copper powder. The dihydro con nound IV crystallized 
rst I ne dG ) ate togetnel with a lit e oct hvdro co! pound III. The 
I] bt rik OT by chi mat yoraphy. 


TI tne rp ol b nracene derivative, as 
is dem rated by comparison with | ).6-dibenzi racene in Fig. |. The absorp- 
ly, are 


aluminium chloride, gave the same hyaro deriva : a 
during the pyrolysis lhe rearrangement is always observed when the fe ing 
hvdrocarbon would have the 1,2 7 &-.dibenzanthracene skeleton. This has nevet been 
obtained by the Elbs reaction. Compounds with the 1.2:5,6-dibenzanthracene 
ey structure are formed in its place 
et The best yield of the dihydro compound IV was recorded when pure octahydro- 


phenanthrene was replaced by an excess of a technical product containing about 
30 per cent tetrahydrophenanthrene. 


* The name heptazethrene is derived from zethrene as Use iin E. Clar. Aromatische Kohlenwasserstoffe 


p. 393. Springer Verlag (1952) 


. E. Clar, Ber. Dtsch. Chem. Ges. 76, 611 (1943) 
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Ges. 64, 981 (1931); E. Clar. Fr lohn and R. Avenarius, Ber. Disch. Chem. Ges 72, 2139 (1939); E. Clar, 

Ber. Dtsch. Chem. Ges. 73, 81 (1940) 
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4,5:12,13-Dibenzoheptazethrene and 5,6:8,9: 


Fic. 1. Absorption max (A) and log € (in 
parentheses) of 
( ) 1:2,5:6-Dibenzoanthracene, in 
benzene; «, 3950 (3-16), 3850 (2 70), 3730 
(310); p, 3510 (4:24), 3365 (4 21), 3220 
(4-32); £6, 3000 (5-10), 2900 (4°93), in 
alcohol 2770 (4-72), 2300 (4 50) 
qe eee ) Tetradecahydro 4:5,12:13-diben 
zoheptazethrene (II) in benzene; «, 4100 
(3-64), 3880 (3-60): p. 3600 (4 30), 3460 
(4:26), 3300 (4-32) Db, 3100 (4-98). in cyclo 


hexane, 2970 (4 92), 2350 (4-74) 


Absorption max (A) and log e (in 
parenthe of 
3:7:8-Dibenzoperinaphthene 
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Dibenzoheptazethrene VI has a green, shining surface and gives violet red, photo- 


oxidizable lutions It forms an insoluble, stable, deep violet. hydrochloride, 


even with pl sphoric acid VII. These basic 
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prope an | la e polarized structure Vla, which has one more 
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alkaline sodium dithionite solution. The absorption spectrum of dibenzoheptazethrene 
VI, and its chloro compound are shown in Fig. 3. The spectrum of the quinone IX is 


2,3 7,8-dibenzoperinaphthone.! 


recorded in Fig. 4 in co parison with 
Dihydrodibenzoheptazethrene IV con ensed quantitively with maleic anhydride to 


the dianhydride X. The al pti ectrum ’ the corresponding tetracarboxylic 


acid (Fig. 2) is ve losely related to the dihydro compound IV. thus indicating that no 


change in the arom: njugation had 


chloride 

an orang 

trated sul 

solution at 

these properties wit! 
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carbons, except for the correspo 
Confirmation that benzenoid rings are the rea 


violet shift in the U.V. spectrum of such hydrocarbons is obtained by 
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in Fig. 3, where the spectrum of tetrabenzoheptacene XI is shown together with that of 
dibenzoheptazethrene VI. The spectrum ol the fully benzenoid tetrabenzoheptacene 
XI is strongly shifted to the violet, although the hydrocarbon XI contains two more 
rings than d benzoheptazethrene VI which is not fully benzenoid 

The structure XI is based on the assumption that a hydrocarbon with the maximum 
number of benzenoid rings is usually formed in preference to other ways of cyclization, 


which would vield hydrocarbons with fewer benzenoid rings. This would be contrary 


to experience he molecular weight of the hvdrocarbon was estimated* by the mass 
scopic method to bx 5 (Calc. 526). This shows that two rings have in 
dro hydrocarbon I\ 
icture X11 rect. was obtained by comparison of the infra- 
vid hydrocarbons, given in Table | Groenwege® has shown 
( H bonds (735-900 cm™'), can be used to establish 
vclic hydrocarbons. Recently Zander’ applied this method to 


ropentacen¢ XII. the synthesis of which from two molecules of triphenylene 


chloride melt was not unambiguous. The Table shows that tetra- 
zopentacene XII, as well as tetrabenzoheptacene XI. have “‘solo”’ ¢ H vibrations 
are lacking in 1,2:6,7-dibenzopyrene XIV. which is also fully benzenoid. 
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Moreover, the resemblance of the infra-red spectra of tetrabenzoanthracene XII, 
tetrabenzopentacene XII, and tetrabenzoheptacene XI is very striking. 

Further evidence that the hydrocarbon has structure XI is supplied by the 
comparison of the phosphorescence spectra of tetrabenzoanthracene XIII. tetra- 
benzopentacene XII, and tetrabenzoheptacene XI. The principal phosphorescence 


TABLE 1. INFRA-RED SPECTRA 


Hydrocarbor ( H Vibrations (cm 
solo luo tric quartet 
H H H H 
H H H 
H H 
H 
¢ S60-SO00 cn S10 SOc 735 cm 
[ XI\ 801 744 
XIII 87 749 
XII 46 
xf 
Xl )? 45 
A pectra if K Br 


maxima are given in Table 2. The differences between the first phosphorescence 
bands of these hydrocarbons are so small (235 A and 115A respectively), that they 
can result only from the annellation of fully benzenoid rings, for which such minimum 
shifts are typical. ( ontrary to this, the differences of phosphorescence bands in the 


acene series where there is only one benzenoid ring are the largest recorded and are 
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TABLE 2, PHOSPHORESCENCE SPECTRA* 


Hydrocarbon Phosphorescence maxima (A) 
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(ii) Dehydrogenation with nitrobenzene. The pyrolysate (1 g) was suspended in nitrobenzene 
(15 ml), and refluxed for 2-3 min. The brownish red solution turned deep purple with a strong red 
fluorescence and on cooling glistening green needles (300 mg) were deposited 


(iii) Dehydrogenation using chioranil in trichlorobenzene. The py rolysate (1 g) was suspended 


in trichlorobenzene (20 ml) and excess chloranil (1 g) added. The mixture was boiled for 2-3 min 


and on cooling crystals (200 mg) of the hydrocarbon XI were formed 


Salts of 4.5:12,13-dibenzoheptazethrene Vil 
(i) Hydrochloride. Solutions of the hvdrocarbon VI in trichlorobenzene were shaken with conc 


hydrochloric acid. The organic laver was completely decolourized and a violet salt formed. The 


salt could also be formed by the passage of hvdrochloric acid gas. A solution of hydrocarbon VI 
(100 mg) in trichlorobenzene (500 mi), was saturated with hydrochloric acid gas. The flocculant 


violet precipitate was filtered off, washed with dry benzene, und dried in vacuo. (Found: C, 55°0; 


H, 4-3: Cl, ¢ H..Cl requires: C, H, 4:3: ¢ ) 


The hydrochloride dec nosed on standing, turning black. with loss of hydrochloric vid. Ifa 
suspension of the salt im trict robenzene was alk ved to stand for severa days 1 solution with the 
absorption bands (600 sX0mnu) of the chlorodibenzozethrene VILL resulted The hydrochloride 
appeared insoluble in most organic solvents When a suspension ol the salt in pyr dine was boiled 
green crystals of the parent hydroc srbon VI were formed. The salt gave purple solutions in conc 
sulph iric eid which had bands at 550 nd 512m 

(ii) Sulphate. Solutions of dibenzoheptazethrene VI were completely decolourized on shaking 
with 80° sulphuric acid. The violet sulp! ite being formed. Dibet heptazethrene VI gave solutions 
in conc sulphuric acid which showed abdsorpuo! bands at 550 und 5121 c pared to the 
hydrocarbon VI in trichlorobenzene solution where the bands were at $72 mu and 528 m This 
shift is indicative of salt for tior 

(iii) Perchlorate and phospnat Solutions of dibenzoheptazetnrene in trichlorobenzene were also 


decolourized when shaken vith perchloric or p! osphoric acid, the violet salts being precipit ited 


An excess of phosphorus pentachloride (500 mg) was added to a suspension of the crystalline 
pyrolysate (300 n g) in bx »xviene. The reddish-brown solutio turned a deep blue with a strong 
red fluorescence and on cooling te dark blue chlorohydrocarbon VIII (250 mg) was deposited 
Recrvystallization from trichlorobenzene gave the pure chiot hydrocarbon, dec pt above 450°, which 

lin } acid to give a deep purple solution. (Found: Cl, 7°3. CsgHisC! requires: 


the best method of obtaining tt pure 


Although this substance is the main pr duct of the pyrolysis the 


rene VI, or chlorodib ptazethrene VIII. Dibenzoheptaze- 


was by reduction Of did eptaz i 

threne VI (500 mgs) or chioroaioe ntazethren Vill (S500 was ground together with zine 
dust (2 g). This mixture w ispended in pyridine (100 ml) and efluxed. Acetic acid (50 10 ml) 
was added slowly over 3 hr The violet § ition, decolour zea I ediately becoming a pale yellow 
with a strong blue fluorescence After cooling the solution was nit red into water and boiled. The 
pale yell vy dihydro-dib eptazethrene w filtered off. dried and sublimed, m.p 395-400° (dec). 
The colour in conc sulphuric acid w s violet. (Found: C, 94-6; H, 5-4. ¢ H.. requires: C, 95-1; 
H. 4:9°.). This hydrocarbon c uld not be recrystallized since it was too easily dehyd ogenated 


4.5 13 Dihe rey 7 15 IX 
The crystalline pyrolysate (300 mg) ind selenium dioxide (100 mg) were refluxed in nitrobenzene 
(10 ml) for 20 min. The red s vn turned purple and then dark brown. On cooling the product 


was filtered off, washed with nits ‘benzene and methanol followed by hot water to remove excess 
selenium dioxide. The dark brown pt duct (400 mg) was purified by sublimation. Brown needles 
of the quinone (200 mg) sublimed at 400° 0 1 mm, dec pt. above 450 The colour in conc sulphuric 


89-5: H. 4:3. requires: ¢ 89-6: H, 


acid was green. (Found: ¢ 


Cl, 7°5%). 
7.15-Dihydro-4,5 :12,13-dibenzoheptazethrene LV 
| 


4,5:12,13-Dibenzoheptazethrene and 5,6:8,9:14,15:17,18-tetrabenzoheptacene 


Maleic anhydride adduct X from 7,15- ihydro-4,5-dibenzoheptazethrene IV 


The pyrolysate (5 g) was added to molten maleic anhydride and boiled for 15 min. After cooling, 
the mixture was poured into water and digested. The crude light brown anhydride X was filtered 
off, and dissolved in 15-20°% caustic potash solution, giving a pale yellow colour with blue fluores- 
cence. Zinc dust was added to prevent aerial oxidation and after filtration the solution was acidified. 
The brown acid was dried (6-5 g). A portion was crystallized from acetic anhydride, m.p. 250-255° 
(dec). (Found: C, 78-8; H, 4-8. C,,H,.O,; (semi-anhydride) requires: C, 79-0; H, 4-3). The 
solution in conc sulphuric acid was steel blue at first, later turning reddish. 


Octahydro-4,5 :12,13-dibenzoheptazethrene Il 


When the above condensation was carried out for a shorter time there was an alkali insoluble 
residue (200 mg). Recrystallization from benzene gave small white needles, m.p. 318-320°. This 
hydrocarbon III could not be dehydrogenated by means of chloranil in trichlorobenzene, but sub- 
limation over 15° palladium charcoal at 300-320 gave a dibenzoheptazethrene VI in quantitative 


yield. The octahydro hydrocarbon LII gave a blue solution in conc sulphuric acid. (Found: C, 
93-5; H, 63. requires; C, 93-9: H, 6-1°/) 


5,6:8,9:14,15:17,18-Tetrabenzoheptacene 
Phe tetracarboxylic acid, derived from X, (5 g) was ground together with zinc dust (5 g). Zine 


chloride (50 g), sodium chloride (5 g) and a little water (2 ml) were added and the temp of the mixture 
was raised, with constant stirring, to 300-320° for 10 min. After cooling the mixture was digested 
with dil acetic acid and the zinc dust dissolved in dil hydrochloric acid. The crude product (2 g) 
was extracted with ether and xylene, to remove impurities of low molecular weight. Repeated 
sublimation (400-450°/0-1 mm), followed by recrystallization from methy! naphthalene gave yellow 
needles (300 mg) of tetrabenzoheptacene, m.p 480—490° (sublim) Tetrabenzohept ene does not 
dissolve in ul acid although t a ti vst urns black n carbon 


has a long life pn | n nanouw il (Found 5 H, 4-5. 


CysH,, requires: (¢ 2 The molecular weight wa und to be 510 so Hy» requires 


576 


‘ 
4 
a : 


DYES CONTAINING THI INDOLE RING 


rRINUCLEAR PENTAMI rHINCYANINES 


Abstract 


Printed in Northern Ireland 
4 R. MAJER 
‘ 
nters CO-CH c ct a 
| n i} 
i | 
by 


Dyes containing the indole ring 107 


pyrroles and indoles in the presence of mineral acid to yield trimethincyanines. 
“-Phenol propargyl aldehyde diethyl acetal was prepared sin larly from cinnam- 


aldehyde.* Crystalline ropargyl aldehyde 


diethyl] acetal wil and arpet! y-4-p] 


enylpyrrole- 


z-methyl propargyl a yde yl acetal with 2-pheny! -cl enylpyrrole, 


ether decolouri 
acetic acid solt 
with a-substitut 
and 2,5-dimethy 

Attempts wel condense yrrole imethincyar 
z-methyl propargyl aldehyde diethyl acetal with aldehydes, but o prolonged refluxing 
in the acetic acid—acetic anhyd > mixti iging lue colour of the trimethin- 


cyanine gradually faded without the appearance of any deposit. It is concluded that the 


‘ 
q 
: 
4 
1 
nhen\ dol an propareg le diet icetal wit ?-phenvl-4-p- 
anisylpyrrole, 2.4 py! +-1 pyrro ind 2-methyl-3-car- 
Ox -pl a Ci aye yotained was identical with that 
prepared by 1 a a pyrrole itself only an insoluble 
amorphous precipitat as ovta I acid was added to a solution in tl 
pre ce olf an ac iceta as an i nt of the 
pyrrole by the acid. At pts to } from N-sub ited py! } were 
eq iy unsucc \ Ol AV-4- i 
pi nvinvrrol if ti mir | | | ] 
i i u Will i | | iceta! 
a deep blue colour d loaned hut ther ne nitat A Adit ter or 
Z 4 * Org. Synth. 25, 92 
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trinuclear dyes derived from pyrrole are unstable. Bis-3-(2-pheny! indole)-«-methyl 


trimethincyanine sulphate, however. reacted readily with 2-methylindole-3-aldehyde 


although the resulting trinuclear dye was so insoluble that it was precipitated without 
imparting any colour to the refluxing solution 


l/nsvmmetrical indole trimethincyanines were prepared by the addition of a hot 


solution of an indole in ethyl orthoformate to a boiling solution of I in glacial acetic 


acid. thus avoiding the use of the indo t.aldehvdes. The exact course of this reaction 


joles do not react with boiling ethyl orthoformate and on 


-Iree ind 


ethene IV is formed The same product is 
etone Is present, so that the most rapid reaction 
he case with pyrroles, where in 

] The most plausible eX- 


LU 


y ester to form V which then 


th meth nine. Attempts to isolate V 


proaquce 


1ines were prepared by the condensation of 2- 
orthoformate and indole, 


1ine sulphate th ethyl 
nvlin | mMrop lide lolen 


ate and indole. The unsymmetrical 


ives by refluxing with aldehydes 


nucicar a 


anhvdride mixture. Indole-3-aldehyde was condensed 


trimethincyanine sulphate and with 


VIINGOIC) 


hy \-x-methyl trimethincyanine sulphate. In the 


latter case the product contained three different nuclei connected by a chain of five 
carbon atoms. In order to simplify the nomenclature of these trinuclear dyes they 


are treated ; ‘rivatives of indole pentamethincyanines although their nearest 


relatives in the true cyanines are the trinuclear neocyanines. 


+‘ F. M. Hamer, R. J. Rathbone and B. S. W: ston. J. Chem. Soc. 1434 (1947); 1872 (1948). 


a 
is not Cical 
x 
4 
H 
addition ol ineral acid the d naoiyi 
must be the formation of the ethene. 
the presence of ketones, trimethincyan! 
planation is that the indolenine salt I reac 
condenses with the indole to ppm 
have been unsuccessiu 4 
j : 
Unsymmetrical trimethincya 
opyudcene 
2,4-diphenylpyrrole and phe 
trimethincyanines were conve! 
in glacial acetic acid—acctic 
with 3-(2 | 
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trical trimethine yanines 


2-Diphenylpyrrole (2-19 g) and propargy! aldehyde diethyl acetal (0-6 g) were refluxed in glacial 


acetic acid (10 ml) and 50°, hydrobromic acid in glacial acetic acid (0-81 ml) added A deep blue 


colour appeared and green crystals were precipitated. On crystallization from chloroform bis-2- 


(3,5 diphenylpyrrole) trimethincyanine bromide (1-1 g) was obtained as bronze octahedra m.p. 260°. 
(Found: Br, 14°35 CysNo requires: Br, 14-35°%) 


‘ 


2-Methyl-3-carbethoxy-4 phenylpyrrole (2-3 g) gave bis-2- 3-pheny!-4-carbethoxy-5-methylpyr- 


role) trimethincyanine bromide as green rods from formic acid m p. 200 


2-Pheny!-4-0-chloropheny|pyrrole (2°53 g) and methyl propargy! aldehyde diethyl acetal (1-02 g) 
gave bis-2-(3-0-chlorophenyl-5-phenylpyrrole)-x-methyl-trimethincyanine bromide (0-9 g) as black 
needles from glacial acetic acid m.p. 158 (Found: Br, 12-2 C,,H,,N.CI.Br requires: Br 

12-5 %) 
2-Methy!-3-carbethoxy-2 phenyl pyrrole (2-3) gave bis-2-(3 phenyl-4-carbethoxy-5-methyl- 


pyrrole) z-methyl-trimethincyanine bromide as matted green needles from { rmic acid m p 198°. 


2-Methylindole (1-3 g) and methy! propargyl aldehyde diethyl acetal (0-71 g) and sulphuric acid 


(0-28 ml) gave bis-3- ethylindole)-«-methyl-trimethincvanine sulphate as long green needles from 


phenylindole)-x-methyl-trimethincyanine sulphate (6-2 g) as 


copper crystals from acetic acid-ether m.p. 178 (Found: S, 5-9%; C,,H,,O,N,S requires: S, 


5-99 


propargyl aldehyde diethy! acetal (1-02 g) and 50% 


2-Phenyl-4-p-anisylpyrrole (2-49 ¢). pheny 


hydrobromic acid gave bis-2-(3-p-anisvl-5-phe pyrrole)-x-phenyl-trimethincyanine bromide as 


dark green crystals from glacial acetic acid m.p. 240°. (Found Br, 11-7°4: C,,.H,,O.N, Br requires: 
2 2 


Br, 11-55°%) 


2-Methyl-3-carbethoxy-4 phenylipyrrole gave bis-2-(3-phenyl-4 carbethoxy-5-phenylpyrrole)-«- 


pheny! trimethincyanine bromide as green needles from ethyl formate m p. 202 
2,4 Diphenylpyrrole gave bis-2-(3,5-diphenylpyrrole) 4-phenyl-trimethincyanine bromide as 
brassy crystals from chloroform n 247 


(5-86 g) was dissolved in glacial acetic acid (20 ml) 


4 


solution of indole (2:3 g) in ethyl orthoformate (3 ml) 


was idded when I S reacnol ccurred nd tl © solution became deep red On cool ng and 


n witl r ar pi p 1 whicl rdened to a brown solid when ground with water. 


-thincyanine 


O,N,S requires: 


Phenylindole (3-86 ¢) gave 3-(2-methylindole)-3’-(2-phenylindole)-x-methy! trimethincyanine 


sulphate (6-4 g) as purple brown needles 1 .p. 106°. (Found: S, 66°; C,,H,,0O,N,S requires: S, 


2,4-Diphenylpyrrole (2-2 g) gave 3-(2-methylindole)-2’-(3 
cyanine sulphate (0-6 g) as copper octahedra from chloroform-ether m.p. 136°. (Found: S, 6-3°%; 
C..H..O,N.S requires: S. 6-42 

2-Phenylindole (3-862) was dissolved in acetone (5 ml) and A.R. conc sulphuric acid (1-1 ml) added. 
The excess acetone was removed under red d pressure and the residue dissolved in glacial acetic 
acid (20 ml). The solut s refluxed and a b ng solution of indole (2:3 g) in ethyl orthoformate 
(3 ml) added. After refluxing for 5 min the red dve was precipitated by addition of ether and the 
resulting oil ground with water. On crystallization from acetic acid-ether 3~(? phenylindole)-3’- 
indole-x-methy]-trir hincyanine sulphate was obtained as purple needles m p. 174°. (Found: 


S, 6°98 requires oy 


Trinuclear dyes 


Indole-3-aldehyde (1-0 ¢) and 3-(2-methylindole)-3’-(2 phenylindole)-x-methyl-trimethincyanine 


sulphate (3-6 g) were refluxed for 2 min in a 1 : 1 mixture of acetic acid and acetic anhydride (20 ml). 


em 
09 
‘ 
“ 
Unsyn metrical trumethincvyanines 
2-Methyl-3-isopropylidene indolenine sulphate 
and the mixture heated to boilir A | 
di 
Crvystalliz c acid er yicided 3 etnyiindole(-35 -indole me i 
os sulphate (6:2 g) as brown metallic needles m p. 172°. (Found: S, 80%; C, Po 
S, 8-08 


> 
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1a black solid. O tallization from 
The solution became an intense b wn colour and Geposited a 
: pentamethincyanine sulphate (3 g) was 
ng the free base as a brown solid m.p. 2480 
N, 10+ ! N, 90 
(2-6 2) sulphat 
310°. (Found: S, 4-4°%, N, 6-2 CyH 
‘ f i bas hyde 
‘ 
(1 
5-8 N 62 
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Abstract 


the condensation of «-1 I I) y eterocyclic ald was investigated. 


Such d rhe metnet I ] ne the m them have already 


i been described ast " iformity of nc ire has been sacrificed in order to avoid 
THE simplest route to «-methyl-di-indolylmethenes I appeared to be interaction of b- 
free indoles with 3-acetylindoles II. 7 Methylindole was refluxed with varying amounts 
of acetic anhydrid nd sodium acetate for periods up to 7 hr without noticeable 
conversion of the indole. In the search for a more vigorous reagent 2-1 iethylindole 


was 


a Vi 


and th 


tion tron 


olution 


to yield «,2,2’-trimethyl-di-indo] ethane. Upon oxidation with ferric chloride a 
red dye was produced identical it formed by the interaction of 2-methylindole 
and acetyl chloride. w] is identified as «,2,2’-trimethyl-di-indolylmethene hvydro- 
chloride Since this constituted the desired inte diate it was refluxed with p 
dimethylaminobenzaldehyde in glacial acetic id. The original red colour of the 
solution changed gradually to an intense blue and on addition « f ether a black solid 


‘ I Ile ita Ciara ISLICS i dye of the hrl typ be ng Tever- 


methyl-3-carbet hoxy-4-phenyl-5-pyrrole aidehyde and 2-methyl-3-indole aldehvde. 


— 
if 
ape 
HE — Representative loles containing a free /-position have been condensed with al phatic 
substituted unsymmetrical di-indolylmet! been s by t f 2-methyl- 
$-acetyli 27} ce I rus C le these 
methen ive been s and condensed with 
both homocyclic and hetero c aldehy t eld int red tr rd 
In view e demonst: the reactiy ft et sroup it trimethincyanines 
al CG Witil Chik riage, raising the ten perature ol the mixture to 
Orous reaction occurre: lere Was a copious evolution of hydrogen chloride 
GMBe mixture became bright scarlet colour. The dye was isolated by precipita- 
- i i 
WE elacial acetic acid solution with water, in the form of a brown solid soluble 
” in polar soivents I he MULIOT laded to a yellow colour on addition of aikalies or : 
ammonia Dut tl original red \ restored by the addition cid. Chis 
behaviout resemobdied it OF the ) Ctnenes Hirst named Rosindoles by 
Fischer Ihe subs ed di-indo es have been prepared by the oxidation 
of the analogous di ethanes (III d by the interaction « free indoles 
with aldehydes.? 2-Methylindole was condensed with acetaldehyde in alcohol Samm 
sib 
1 Part 1: J. R. Majer, Tetrahedron 9. 106 (1960 - 
* E. Fischer and P. W r, Ber. 1 ( rT 20, 815 (1887). 
* M. Freund and G. Lebach, Ber. Dtsch. Chem. G 36, 308 (1903) f 
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Analysis showed all three to be trinuclear dyes formed by the elimination of water 
between the reactants. Despite the strong presumption that the reaction took place 
with the a-methyl group alone no direct evidence was available and therefore 22 - 
dimethyl-di-indolylmethene hydrochloride was prepared by the interaction of 

methylindole, ethyl orthoformate and hydrochloric acid. It showed no reactivity 
whatever towards aldehydes. The trinuclear dye preps ared by the reaction of 2-methyl- 
3-indole aldehyde and « ethene hydrochloride (IV) has a 


certain formal resemblance to that prepared by Ellinger* from 2-methylindole and 


2-methyl-3-indole aldehyde (V). Propiony| chloride and phenacety! chloride were not 
4A. Ellinger, H., 1911, 71, 13. 


CH 
n“~™ 
N R N lad N RR 
I 
2 + CH,CHO 
CH 
4 
7 
N R oe 
. 
2 
CHO H 
a 
H 
N 
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as reactive as acetyl chloride and substantial yields were only obtained by prolonged 


refluxing in glacial acetic acid. Succinyl chloride on the other hand was more reactive 
and the condensation proceeded so vigorously that small particles of dye were carried 
up with the evolved hydrogen chloride which became tinged pink. 


2-Phenylindole was less reactive than 2-methylindole and was refluxed for several 


hours with acetyl chloride in glacial acetic acid solution before reaction was complete. 


z-Methyl-di-indolylmethene hydrochloride proved surprisingly difficult to synthe- 


size; indole reacted vigorously at room temperature with acetyl chloride but the 


product was a pink glass which showed no further sign of reactivity and was probably 


polymeric in nature. Diluents such as acetic acid or acetic anhydride moderated the 


reaction but only unreactive tars were produced. Kénig® has described the pre- 
: 


paration of di-indolylmethenes by the interaction of indoles and ethyl orthoformate 


in ethanol solution in the presence of perchloric acid, but no crystalline products were 


isolated when ethyl orthoacetate was substituted or the perchloric acid replaced by 


other mineral acids. The methene was finally prepared by adding hydrobromic acid 


to a boiling solution of indole in acetic anhydride; it was precipitated from the 


resulting orange solution as a brown solid by the addition of ether. It was less reactive 


than any of the other methenes and the only trinuclear dye which could be isolated 


was prepared by heating it with p dimethylaminobenzaldehyde In acetic anhydride 


solution. There was a surprising variation in stability in the trinuclear dyes derived 


from p dimethylaminobenzaldehyde and the methenes. Those prepared from «-ethyl 


and «-benzyl 2.2 dimethyl-di-indolylmethenes were rapidly destroyed in hot acetic 


anhydride, while those derived from %,2,2'-trimethyl-indoly] and «,«'-ethylene-bis- 


3-(2 2’-dimethyl-di-indolylmethene hydrochloride) were quite stable. When dyes 


were prepared from indole aldehydes as in the case of that obtained from 2-methyl-3- 


indole aldehyde and z-methyl-2,2 -diphenyl-di-indolylmethene hydrochloride it was 


important to free the methene from traces of uncombined hydrogen chloride for it has 
p 


been shown that indole-3-aldehydes react in the presence of mineral acids to form 


the di-indolylmethenes (formerly called ‘‘uroroseins’’) by the elimination of formic 


acid.® 
The synthesis of unsymmetrical di-indolylmethenes could only be achieved by the 


interaction of indole-3-methyl ketones and indoles unsubstituted in the 3-position. 


2-Methyl-3-acetyl indole was prepared by the method of Salway.’? A 30 per cent yield 


of 2-methyl-3-acetyl indole was obtained by treating 2-methylindole magnesium 


bromide with acetyl chloride in ether. The ketone was very unreactive and did not 


form methenes with indoles by treatment with mineral acids in acetic acid acetic 


anhydride mixture. It condensed with 2-phenylindole in phosphorus oxychloride 


solution from which it was isolated as a red powder. The resulting unsymmetrical 


methene reacted readily in hot acetic acid-acetic anhydride mixture to yield trinuclear 


dyes with p-dimethylaminobenzaldehyde and 2-methyl-3-indole aldehyde. 


EXPERIMENTAI 


Di-indolylmethenes 


2-Methylindole (2-6 g) and ethyl orthoformate (1-6 g) were dissolved in hot glacial acetic acid 
(10 ml) and 50°, hydrobromic acid in glacial acetic acid (1-6 ml) added. A vigorous reaction took 


* W. Konig, J. Prakt. Chem. 84, 217 (1911). 
* J. Harley-Mason and J. D. Bu'lock, Biochem. J. 51, 430 (1952) 
* A. H. Salway, J. Chem. Soc. 384 (1913). 
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5-pyrrole aldehyde (1-3 ¢) w ere refluxed in 
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pheny! 4- 
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requires: 
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facial acetic acid (1 u) for 1 hr wl crystals deposited 
‘ On cry stallization fro "lacial acetic icid 3-(2-methy] lole)-?’-(3- 
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C, 74-73, H, 5-65, Cl. 
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REACTIONS Ol 4°-DINITROPHENYL)-AMINO- 
?-DEOXY-p-GLUCOSE, (DNP-p-GLUCOSAMINE), AND 
DERIVATIVES 


a 7 con- 


s and higher 


derivative 

2 deoxyv-D- 

n be converted 

alcohols to vield )- 

' group from the resultant 
glycosides 

deoxy-z-D-glycopyranoside,” is 


glycoside, as 


i on of elvcosidic linkages when acid hydrolysis is used, and although 


attended by sciss! 


917 (1955) 


F. Mich de Kamp and H. Wulff, Chem. Ber 88, 2011 (1955) 
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Cc. S. Rose, ra ad yorg irch. Biochem. Bi 54, 392 (1955 
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Kuhn and W. Kirsher » 
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. SO per cent and re often 
: ’ t \ nts to obtain a disaccharide by interaction of the é 
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No start ateriais and a iarge number 
| | t ccurred 
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glycoside preparation 
catalytically under very mild cond ns when required. Regrettably. when attempts 


were I ade to prepare tobron lerivative of this compound, the hydrobromide 


I was obtained.® 

The present work, a study of 1ino-2-deoxy-D-glucose 
(DNP-p-glucosamine, II) and its derivatives. was undertaken with the object of 
devising new methods for the synthesis of glycosides and oligosaccharides derived 
from aminosugars contai ing free, as well as substituted, amino groups. Earlier 
workers*?®" had shown that on account of their crystalline properties and dis- 
tinctive colour 2’.4 dinitrophenyl-(DNP-) derivatives of hexosamine were very 


suitable for characterization and separation. In order to assess its value as a “blocking 


group” in the synthetic studies envisaged, information concerning the stability of 


7 P. W. Kent and M. W. Wh tehouse, Biochemistry of the Aminosugars p. 232. Butterworths, London ( 1955). 
*E. L. May and E. Mosettig, J. Ore. Chem 15, 890 (1950) 

*P. W. Kent, Research 3, 427 (1 150); P. W. Kent, G. Lawson and A. Senior, Science 113, 354 (1951). 

* K. H. Meyer and D. E. Schwartz, Helv. Chim. Acta 33, 1651 (1950) 

4“ E. F. Annison, A. T. James and W. T. J. Morgan, Biochem. J. 48, 477 (1951). 
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NH, NH Xx NH, NHY 
x 4 
cumination of the acyl group under alkaline conditions is feasibl drastic conditions 
are required.’ 2-Benzyloxycarbonyl for 
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sought together with a method for its removal 


Gl 


the structure alloca i to IV, 


tendency for furat oside structures to be 


under sucn consideration of the specihe rotations 
ind IV the iat ‘<¢ assumed to have the «-configuration. Compound lV 


formed a crystal 
pvranoside III with 1N hydrochloric acid at 100° led to scission 


but the DNP group remained intact as judged from a chro- 
hydrolysis: under alkaline conditions the DNP 


Treatment of the 


of the glycosidic linkage 


matographic investigation of the 
\. Neuberger and R P. Rivers, Biochen J. 23, 1581 (1939); A B. Foster, D. Horton and M. Stacey, 
Chem. Soc. 81 (1957) 


1] 
os 
| 
the N-DNP group in hc amines wa od 
which was mild and would not a lect @ c linkages. ee 
DNP-p-glucosa (II) was prepared by treat )_amino-2-deoxy-D-giucose 
ria th 1-1 ro- L-dinitrodenzene (F DNB) and sociu picarbonate. 
nva;roe cu Wi ( enZel 
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group was quickly eliminated with regeneration of the parent aminosugar glycoside. 
A convenient way of carrying out this alkaline hydrolysis consisted in treating the 


pyranoside III in aqueous—acetone with an anion-exchange resin (OH form). The resin 


not only effected the required de-dinitrophenylation but also retained the liberated 
2,4-dinitrophenol. The product, m 1 2-a 


significant 
group was unailected by tre: ent at perature with 


methanolic a nia, a ich-used reagent for de-O-acety Thus benzyl 


Subsequent 


furnished benzyl 2-amino-2-deoxy-/-p-glucopyranoside which was isolated as the 
N-acetyl derivative X by simultaneous O- and N-acetylation with a anhydride 
followed by de-O-acetylation with methanolic ammonia. The I ve X was 
identical with the benzyl 2-acetamido-2-deoxy f-p-glucopyranoside of kno structure 
which was prepared from authentic benzyl 3,4,6-tri-O-acetyl-2-acetomida-2-deoxy- 


}-D-glucopyranoside™ by de-O-acetylation. 
Ihe formation of an acetobromo derivative of DNP-p-glucosamine II was then 


attempted. hydrochloride was 


dinitrophenylated with FDNB and sodium carbonate, the product 1,3,4,6-tetra-O- 
acetyl-2-(2',4'-dinitrophenyl)-amino-2-deoxy-«-D-glucose (XI) being obtained in good 
yield, An alternative ] ethod ( f arviation with | DNB and sil CI irbo! ate inc ilk ro- 
form solution gave the same product in lower yield. The compound XI was converted 
to -olucose (XII) 


in near quantitative yield by treatment with HBr in glacial acetic acid and chloroform 
rhis acetobromo compound XII is highly crystalline and can be kept in a dry atmos- 


phere for several months without decon OSILION. 


Concurrently with a study of the reactions of the bromo compound XII the 


syntheses of reference glycosides of known structures were carried out The 
acetobromoglucosamine hydrobromid of Irvine et al.'1 ted hb yl alcohol 
in the presence of pyridine forming benzyl 3.,4.6-tri-O-acetyl-2 no-2-de -D- 
glucoside hydrobro de. wh ch Wa COl rted to ben ry | ()-ace 2 
dinitrophenyl)-a ino-2-deoxy-/-pD-glucoside (IX) by the usual thod with FDNB 
A parallel preparation of the corresponding /-methyl glycoside gave a syrup product 
which, although analysing in the mani expected of methyl 3,4,6-O-acetyl-2-(2 

4’-dinitrophenyl) amino-2-deoxy-//-D-glucoside after chromatographic purification 


on alumina, could not be crystalliz 
Treatment of the DNP acetobromo compound XII with benzyl alcohol in the 


1 


presence of silver carbonate yielded the #-glucoside IX as expected, but a different 


13 


W. O. Cutler and S. Peat, J. Chem. Soc. 274 (1939) 
44 L. Bergmann and M. Zervas, Ber. Disch. Chem. Ges. 64, 975 (1931) 
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: 
which was oDtained in excellent yield si iply Dy hitration and evaporation, was 
d 
characterized as tl \-benzyloxycarbonyl-(V) and 4,6-O-benzylidene-N-benzyloxy- 
: carbonyl-(VILI) derivatives. This method of removal of the dinitrophenyl group was 
\ : subsequently applied to other glycosides of II and in even only the parent 5 
; giucosamin aerivative was isolated from the reaction products, there being no : 
indication that scission 
extent, 
The dinitropheny] 
al leeerihed lov h] 
synthesis of which ts described below, was smoothly aeack l Means, 
| 
f 
| 
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product X11 was obtained when the reaction was carried out in acetone solution with 
pyridine as condensation From the fact that the new compound was non- 
1 in accordance with analytical and optical rotational data it was ten- 


reducing and 
3.4.6-tri-4 )-acetyl-2-(2 4 _dinitrophenyl)-amino-2-deoxy- 
s that appeared to favour the formation 


agent. 
tatively designated benzy! 
r the condition 
methyl 3,4,6-tri-¢ 
attempted by condensation of the 
product obtained was 


4-p-glucopyranoside Unde 
the x-glycoside, a synthesis of 
amino-2-deoxy- ,-p-glucopyranoside (VIL) was 
bromo con pound X11 with n ethanol. On this occasion the 
clearly of the was identical with the authentic x-glycoside 


of 


y-configuration since it 


Vil prepared as described above. 
The vields of glycos des isolated after condensation of XII and an alcohol were 
recrvstallization Of the crude glycoside 


not high and repeated re was necessary during 
the purification process This was thought to be due, in part al least, to the presence 
in the reaction products of 3.4.6-tri-4 y-acetyl-2-(2' 4 dinitrophenyl)-amino-2-deoxy- 


p-glucose (XTV): this con pound was 


inferred from its reducing characte! 


these investigations that DNP-p-glucosamine and derivatives 


actually isolated during one experiment. Its 


structure was and elemental analysis data. 


It seems clear from 
are potentially of considerable value for glycoside formation and other synthetic 
operations In the glucosamine field. A detailed consideration of the reactions of the 
bromo compound X11 will be presented in a subsequent communication. 


EXPERIMENT Al 


ethanol (5:4: ! by volume) 


given below refer 


yorously unhydrous 


separated as orange needles m.p. ! : 
rey 7 5 ethanol), Meyet und 


65 iviv) 


ethanol) 


with methanolic hy trogen chloride 


Reaction 2 (2 }-amine ry-D lucose 
(a) At 65 A solution oO! ?-amino-2-deoxy p-glucose (50g) dry 
‘ 
| hydrogen chloride was heated under reflux until the optical 


methanol (250 ml) containing - 
48-0° (5 min) ion was neul! ilized 
a vellow syrup 


80-100") added 


rotation became constant 55-0° (80 min). The solut 
. filtered, treated with hydrogen sulphide, filtered and evaporated to 
acetone and 4 volumes of ether and light petroleum (b.p 

On standing yellow prisms (Fraction A, 1 15g), mp 201-204", 
dissolution in ethanol and addition 


with s Iver oxide 
This was dissolved in 
solution was turbid 


until the 
the mother liquors after evapora 


were deposited From tion, 
of water at O' a second crystalline fraction (Fraction B, 1-07 g), mp 95° unsharply, was obtained. 


nother liquors and tritration with ethanol 


crystalline fraction (Fraction C, 0 42 g) m.p 134-136. 
Repeated recrystallization of fraction A from ethanol : light petroleum and from aqueous acetone 
afforded yellow prisms of methyl 2-(2',4 “dinitrophenyl)-amino-2-deoxy-2-D-glucopyranoside (0-21 g), 


Evaporation of the 1 light petroleum furnished a third 


¥ 
nner phase of a walter . 1-butan 
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hile pl se for paper cn 
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m.p. 216-218", [x],'* 12:7° (c 1-0 in acetone), Ry 0-88 (Found: C, 43-5, H, 4-9: N, 11-3. 
C**H, ,O.N, required: C, 43-7; H, 4-8, N, 11-7: OMe, 8-6°%%). 

After many recrystallizations of fraction B from ethanol : light petroleum, yellow prisms of 
methyl 2-(2',4’-dinitrophenyl)-amino-2-deoxy-«-bD-glucofuranoside (0-31 g) were obtained. This com- 


pound had m.p. 166-167°, [x])"* 30-6° (c 1-0 in acetone) R » 0°88 and was generally more soluble 
in water and organic solvents than the c responding pyranoside. (Found: C, 43-8: H,4-7: N. 11-9, 
mol. wt. (Rast) 350. C,.H,-O.N requires: C, 43-7; H, 4-8; N, 11-7°%:; mol. wt. 359). 


Oxidation of the furanoside with unbuffered aqueous 0-3 M sodium metaperiodate for 14 hr 


followed by distillation’® and treatment of the distillate with dimedone gave a precipitate (m.p. 188 


189°) which cx rresponded to the formation of 0-96 mole formaldehyde. 


rhe melting point of fraction C had not become constant after six recrystallizations. The product 
(0-030 g) then had m p. 198-206", [a] 7-8 (c 0-5 in acetone), R » 0-89. 
Chromatographic examination of the mother liquors indicated that some unchanged Starting 


material was present 


(b) At room temperature. A solution of 2-(2’,4 -dinitrophenyl)-amino-2-deoxy-p-glucose (0-500 g) 
in dry methanol (25 ml) containing 2:1 hydrogen chloride underwent a slow change in optical 


rotation which became constant after 14 days. [x]p*® 48-0 (zero time) — [«}p'* 58-5° (14 days). 


The solution was neutralized with silver oxide, filtered and ev iporated to dryness. The residue on 


dissolution in ethanol and addition of petroleum ether (b.p. 80-100") furnished some crystalline 


material. Repeated recrystallization of the latter yielded methyl 2-(2’,4’-dinitrophenyl)-amino -2- 
deoxy-«-b-glucofuranoside (0-082 g) m.p. 166-167 


5 


Methyl opyranoside 


Methyl 2-amino-2-deoxy-«-p glucopyranoside hydrochloride’ (0-41 g), 1-fluoro-2,4-dinitro 
benzene (0 50 g) and sodium carbonate (0-19 g) in acetone : water (10 ml, 4: 1 v/v) were shaken 
for 48 hr. After removal of the acetone by evaporation the residue was washed with ice-water and 
recrystallized from ethanol. The product (0°41 g, 65%) was identical with the product derived from 


fraction A (above). (Found: C, 43-9: H, 4-9: N. 1] 7; oMe, 9:6°%) 


Acid hydrolysis of methyl 2-(2',4’-dinitrophenyl)-amino-2-deoxy-x-b-2lucosides 


(a) At room temperature. Each glycoside (0-050 g) in acetone (4-0 ml) was treated with 5N 
hydrochloric acid (1-0 ml) and kept at room temp. The reaction was followed polarimetrically and 
also by chromatographic examination of aliquots at suitable intervals. The furanoside (R,. 0-89 


was slowly hydrolysed and after 50 days 2-(2’.4 -dinitropheny!)-amino-2-deoxy-p-glucose, but only 
a trace of the original furanoside, was detected chromat graphically. The optical rotation had become 
constant. [«],," 63-7 47-4°. Evaporation and recrystallization gave 2-(2’.4 -dinitrophenyl)- 


amino-2-deoxy-D-glucose 

The pyranoside remained unhydrolysed and was recovered unchanged (91°) after 50 days. 
2-(2’,4 -dinitropheny!)-amino-2-deoxy D-glucose when subjected to the above acid treatment under- 
went no change, polarimetrically or chromatographically 

(b) At 100°. The hydrolysis of methyl 2-(2’.4 -dinitrophenyl)-amino-2-deoxy-x-p-glucofurano- 
side by 1-ON hydrochloric acid was followed chromatographically. After 2 hr, from the intensities 


~ 


of the spots about 30°, of the glycoside had been hydrolysed. After 7 hr an intense spot corre- 
sponding to 2-(2’,4 -dinitropheny!)-amino-2-deoxy-p-glucose was seen and only a trace of the starting 
material. After development of the chromatogram with silver nitrate : sodium hydroxide sprays, no 


further spots appeared. 


Methyl 3,4,6-tri-O-acetyl-2-(2’,4 pyranoside 


Methyl 2-(2'4 -dinitropheny|)-amino-2-deoxy-«-p-glucopyranoside (0-103 g) was dissolved in 
acetic anhydride (1-0 ml) and pyridine (1-0 ml). After standing for 3 days at room temp the mixture 
was poured into a large volume of water and the yellow precipitate filtered and recrystallized from 
ethanol. The tri-acetyl derivative (0-109 g, 817%), needles, had m.p. 206°, [a]p** 21°3° (c 0-5 in 
chloroform), [«],* 71°6 (c 0-5 in acetone) (Found: C, 46-9; H, 5-1: N, 8-7: Ci ¢>H230,.N, 
requires: C, 47-0; H, 4-8; N, 8-7°%). 
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at room temp overnigh iivents were removed by evaporation ¢ the residue recrystallized 


from ethan .p. 80-100"). The product of d tylation (0-072, 50°) had 


m.p. 198°. (Foun ),N, require ‘ H, 4-9; N, 9-6%). 


{lk aline (resis hydre rl il in adeox rlucose 


mp the 

was wasned wi 

dried (Mg SO,) and 

spontaneously was 

162°, [a +-45-6 (c 0-8 in chloroform) (Found 

dry acetone-light petroleum (b.p. 100-120") before fur 


* Z. Y. Kyi, Ph.D. Thesis, Birmingham (1951) 
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THE STRUCTURE OF GALACTOSYL-LACTOSE, A 
TRISACCHARIDE PRODUCED FROM LACTOSE BY 
PENICILLIUM CHRYSOGENUM THOM 


BALLIO and S. Russi 
Cents 


\ 
Int 


Abstract 


» frre } n | Tee d i] 
SEVER educ oO saccharides are formed when a cell-free extract of Penicillium 
Ci lho on lact« I main product of this reaction besides glucose 
iS naride ralac ic I iro enzymic transier to lactose of a 
sal sil In t} nt nan n > 
( a ( i tiie PICSent Dape©r a Co f cte 
struc ' f of compound ts presented. A preliminary report has been 


filtrates of 


nin a recent 


pre- 


ould area produced in such media, which represent a much more 


nt so ce Tor isolation purposes ractionation of tne co plex mixture of 


dh y] n chromatography on cellulose or on charcoal-celite.* 


acetone precipitation from methanolic 


Molecular weight determinations by two independent methods confirmed the 


trisa iride structure Acid hydrolysis to completion resulted in the liberation of 
galactose and glucose in the approx ite ratio of 2: 1. Paper chron atography of the 
products of partial acid hydrolysis showed, besides glucose, two disaccharides. lactose 
and 6-O-/-D-galactopyranosyl-p-galactopyranose. Alkaline hypoiodite oxidation of 


the trisaccharide, followed by acid hydrolysis, resulted in the formation of galactose as 


the only reducing monosaccharide and of gluconic acid. Final proof of the structure 


of galactosyl-lactose was obtained by determining the nature of the compound 


‘its undecamethylether. Gradient elution with water- 


obtained by acid hydrolysis of 


methyl ethyl ketone on a charcoal—celite column separated the mixture of methylated 


satisfactorily into three fractions (Fig. 1). These corresponded to approxi- 


sugars very 


proportions of 2,3,4-tri-O-methyl-p-galactose, 2.3.6-tri-O- 


mately equimolecular 


methyl-p-glucose and 2? 3, 4,6-tetra-O-methyl-D-galactose. The methylated hexoses 


4. Ballio, E. B. Chain and F. Dentice di Accadia, Rend. Ist. S ip. Sanita 18, 1183 (1955), 
A. Ballio and S. Russi, B . Ital. Biol. Sperim. 33, 1748 (1957). 

* A. Ballio and S. Russi, J. Chromatography In press 

* R. L. Whistler and D. F. Durso, J. Amer. Chem. Soc. 72, 677 (1950) 

* B. Lindberg and B. Wickberg, Acta Chem. Scand. 8, 569 (1954). 
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their optical rotation, their paper chromatographic 


were identified by determining 
mobility and the niline derivatives. 


1 he low posit ve Val 


: optical rotation of the trisaccharide and of the two 
disaccharides obtained Ir partial icid hydrolysis, indica }-configuration 
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1 an the basis of the general observation 
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synthesized by the mould during the course of lactose hydrolysis, indicate that the 
formation of /-1,6-galactosidic linkages is favoured in this enzymic reaction. It is 


relevant that a p1 -~ponderant transfer of the non-reducing residue of disaccharides to 


primary alcoholic groups of acceptor molecules has been observed with other fungal 


ll 


transglycosylases. 
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in water.’ Three wel 


stance, as shown by paper chromatography 


The trisaccharide (5 mg) was heated with sulphuric acid (1 


The trisaccharide (1-5 g) was methylated twice with methy! 


| separated peaks were obtained (Fig. 1), each of them containing 
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was a non-reducing 
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id'* and the hydrolysates were fractionated on a column of charcoal- 
gradient of ethy! methyl ketone between 2:5 and 10", concentration 
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with solvents (c), (d) and (e). Comparison with authentic 


specimens of methylated hexoses indicated that the first peak contained 2,3,4-tri-O-methyl-p-galactose, 


,6-tri-O-methyl-p-glucose and the third 2,3,4,6-tetra~-O-methyl-p-galactose (Table 2) 


23 


the sect ynd 


153, 


Nelson, J. Biol. Chem 
1? H. Bouveng and B. Lindb 
Whistler and H. I 


re 


Conrad, J. Amer 


375 (1944) 
4cta Chem. Scand. 10, 1515 (1956) 


Chem. Soc. 76, 1673 (1954) 


| 
28 
r2hr The cooled solu 
2 woe f r) 
o of | l was d. 
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d on a charcoal-celite column Dy grack elution W ethan A colum 
was used. wit! mixer SOU mi ethanol and a reservoir wilh 
jual fractions with solvent (a) s wed that a partial separation of the two disacc larides 
ned (Fig. 3). These were isolated by evay n of appropriate f 
fied by paper chromatography with soive (a) As s wn in I 
irihed by paper ¢ 
; harid I ) nt nd ) were ide cal 
log n b iu hon 4 $ dis I es im soivents (a) ana (a ere } 
|| matographic cs Ol Por 1CC 
‘ ‘ na ) LONVrANOS se (eenerously Gonated Dy Dr 4 
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‘ 
ae B. Lindberg). The products had respective + 4.§2-0° (c, 1 in H,O) (lactose [=], 2-4"), and ; 
+29-3° (c, 1 in H,O) (Bouveng and Lindberg” report 30° for 6-4 
D-? tose) 
xidation. The trisaccharide (10 mg in 1 ml H,O) iodine (6 mg) and potassium 
i . pe 18 ml) were left at room temp overnight. The solution (pH 7-5) was then acidified 
oo} DEES mi) and heated in a sealed tube at 110° for 2 hr. After extraction of 
+} tr Lori » i bh ral 1 will barium cardonate 1d cent 
Fos, iodine with carb tetrachloride, followed by neutral 
. coms fugat n. a clear solut nm was obtained Paper cl romatoer pl vy with s yivent (a) sh ywwed only a singic 
spot of reducing sugar, corresponding to ¢:1 
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The structure of galactosyl-lactose 


TABLE 1. COMPARISON OF THE PAPER CHROMATOGRAPHIC 
MOBILITIES (R,)* OF DISACCHARIDES OBTAINED BY THE PARTIAL 
HYDROLYSIS OF GALACTOSYL-LACTOSE WITH THOSE OF 6-O-/-p- 

GALACTOPYRANOSYL-D-GALACTOSE AND OF LACTOSE 


Compound Solvent (a) Solvent (d) 


Disaccharides from partial 


hydrolysis of galactosyl- 
lactose 0-68, 1-00 0-72, 1-00 


6-O-(-1 -galactopy ranosyl- 


p-galactose 0-68 2 


Lactose 


* Ratio of the distance moved by each substance to that moved by 


lactose 


TABLE 2. COMPARISON OF THE PAPER CHROMATOGRAPHIC MOBILITIES (R,) OF SOME 


AUTHENTIC METHYLATED HEXOSES WITH THOSE OF THE SUGARS OBTAINED BY THEI FRAC- 


TIONATION OF AN ACID HYDROLYSATE OF FULLY METHYLATED GALA( rTOSYL-LACTOSE, 


ON A CHARCOAL—CELITE COLUMN 


Compound Solvent (a) Solvent (d) Solvent (e) 


Sugar from first peak 0-71 


2,3,4-tri-O-methyl-p-galactose 0-71 0-6! 0.58 


Sugar from second peak 0-78 
2,3,6-tri-O-methyl-p-glucose 0-80 0-70 ? 
Sugar from third peak 


2.3,4,6-tetra-O-methy! pD-galactose ()-73 0 


residue obtained on eva it Lort 1] k had 0 L. nad snowed 

very remarkable drop n Optic il rotat nw en a | Muon 1 2 neti c ydrogen chi ride 
was kept at room temp. The syrup obtained by concet of yeah id 115 
(c, 0-43 in H,O) and gave an aniline derivative, m.p. 187° which was not depressed on admixture 
with a sample of 2,3,4,6-tetra-O-methyl-N phenyl-p-galactosylamine obtained 1 rough the courtesy 


of Dr. P. W. Kent. 


rhe approximate molar ratios of the three methylated sugars were determined by optical rotation 
measurements on the individual peaks obtained from the column. Figures close to 1:1:1 were 
obtained when [«]p values recorded in the literature for 2,3,4-tri-O-methyl-p-galactose, 2.3.6-tri-O- 


methyl-p-glucose and 2,3,4,6-tetra-( )-methy|l-p-galactose were used. 


Acknowledzements—We would like to thank Doz. Dr. H.-J. Bielig, Prof. E. L. Hirst, F.R.S., Dr. P. 
W. Kent and Dr. B. I indberg for gifts of sugars. 


9—{12 pp.) 


: 
1-00 1-00 
: rhis was confirmed as follows. Material obtained from the first peak, after evaporation to drvness 
in vacuo, had {x}; 111° (c, O-2 in H,O) and when refluxed with ethanolic for Shr gave , 
2,3,4-tr O-methyl-N-phenyl-p-galactosylamine m.p. 163 hich was 1 depressex admixture : 
with an authentic sample supplied by Dr. B. Lindberg. Further re i 1 with periodate 
the peak material vielded formaldehyde rh 
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Only two trialkylphosphonium ylids have been reported to date. Wittig and Laib* 
prepared ethereal solutions of trimethylphosphoniumfluorenylide (Ib) but reported 
no reactions with carbonyl compounds. However, Wittig and Rieber® reacted 
solutions of trimethylphosphoniummethylide (IV) with benzophenone and isolated, 
rather than the expected 1,1-diphenylethylene, a low yield of impure (2,2-diphenyl- 
2-hydroxyethyl) trimethylphosphonium iodide (V) after quenching with acid and 
potassium iodide. This product is the result of simple carbanion addition of the ylid 
across the carbonyl group. 

H 


(CH.).P CH (C.H.).CO qr CH C(C.H.)., Br 
| 


OH 


lV Vv 


Wittig® and Levisalles’ attributed the course of this reaction to the failure of the 
initially-formed betaine (e.g. Vila, R alkyl) to cyclize to a pentacolvalent inter- 
mediate (VIIb) due to the inductive effect of the alkyl groups hindering the attack of 
the oxyanion on phosphorus. 
RESULTS 

lrimethylfluorenylphosphonium bromide was prepared from 9-bromofluorene 
and trimethylphosphine according to the procedure of Wittig and Laib.* An aqueous 
solution of this salt, when treated with sodium hydroxide solution, afforded a 
transitory yellow precipitate (Ib) which in mediately hydrolyzed to fluorene and 
trimethylphosphine oxide. Benzene solutions of the ylid (Ib), prepared by treating the 
salt with phenyllithium, were reacted with several benzaldehydes to afford the 


corresponding benzalfluorenes (111). (See Table 1 ) 


Paste 1. REACTION OF YLID Ib WITH CARBONYLS 


Yield 


These results indicated that trin ethylphosphonium ylids would undergo a normal 
Wittig reaction. However, it was apparent that they had lost the selectivity of reaction 
with benzaldehydes that was so apparent in the case of triphenylphosphonium- 
fluorenylide (Ic).* The latter reacted with the three benzaldehydes in 84, 96 and 
37 per cent yields respectively. In order to explore further this difference and to obtain 
more accurate data it was deemed advisable to utilize a stable and isolable trialkyl- 
phosphonium ylid if available. 

Accordingly, tri-n-butylphosphine was quaternized with 9-bromofluorene to afford 
tri-n-butylfluorenylphosphonium bromide which was in turn treated with sodium 
hydroxide solution to afford a stable, crystalline yellow ylid, tri-n-butylphosphonium- 
* G. Wittig and H. Laib, Liebigs Ann. 580, 57 (1953) 

G. Wittig and M. Rieber, Liebigs Ann. 562, 177 (1949) 


*G. Wittig and | Schollkopf, Chem. Ber. 87, 1318 (1954) 
J. Levisalles, Bul Soc. Chim. 1021 (1958) 


Carbonyl Product 
benzaldehyde IIb 
p rob dehyde Illa 4 
-anisaldehyde 73 
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fluorenylide (Id). The ylid dissolved in dilute acids forming a colorless solution 
from which it could be reprecipitated unchanged by the addition of aqueous sodium 
The ultraviolet spectrum of Id in chloroform solution resembled that of Ic. 


hydroxide 
The ylid was hydrolyzed to fluorene and tri-n-butylphosphine oxide by warming as an 
aqueous slurry but could be stored unchanged in a dessicator for one week. On 
attempting to pass a solution of the ylid through a column of nearly neutral alumina, 
equimolar quantities of fluorene and fluorenone together with a molar equivalent of 
tri-n-butylphosphine oxide were recovered. It appeared likely that the alumina 


Taete 2. REACTION OF YLIDS WITH CARBONYLS 


Yield of Olefin) with 


hvdrolvzed some of the ylid in the normal fashion to fluorene and the phosphine oxide 
but the rest was probably cleaved to fluorenol and tri-n-butylphosphine The latter 
would be immediately air oxidized* to its oxide while the fluore nol was likely oxidized 
by alumina to fluorenone since it was found that authentic fluorenol was slowly 
converted into fluorenone by an alumina column 

The viid (Id) was reacted with a series of carbonyl compounds under standardized 


conditions in order to ascertain its reactivity. The results are recorded in Table 2 
For comparison, the yields obtained with triphenylphosphoniumfluorenylide (Icy’ 
under identical conditions are also included 

Inspection of these results rev eals that tri-n-butylphosphoniumfluorenylide (Id) is 
more reactive than its triphenyl analog (Ic). The latter exhibited selective reactivity 
with the group B carbonyls since substitution by a group (¢.g. nitro) w hich increased 
the polarization of the benzaldehyde carbonyl group facilitated the reaction and vice 


* G. M. Kosolapoff, Organophosphorus ¢ ompounds p. 23. John Wiley, New York (1950). 


: 
: 
; 
A 
; 
Ylid Ic* Yiid ld* ie 
Group A (3 hr reaction) 
: G R (3 br reaction) aoe 
N 4 
Kk 0) 0 
D (24 hr reaction) 
ne 6 
: 
0 
4 
* 
Yield 15 ifter 3 hr reaction. 
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versa.* Tri-n-butylphosphoniumfluorenylide (Id) reacted equally well with all 
substituted benzaldehydes (group B) but did show selectivity in reaction with a series 


of less polarized carbonyls in groups C and D. 
The pXa’s of the conjugate acids of several fluorenyl ylids were measured spectro- 


photometrically and the results are listed in Table 3. 


Taste 3. pXa OF FLUORENYL YLID CONJUGATE ACIDS 


mium 


In an attempt to isolate a product analogous to W ittig’s intermediate (V) acetone, 
m-nitroacetophenone and benzaldehyde, three carbonyl compounds of widely varying 
ar quantities of the butyl ylid (Id) 


reactivity (see Table 2), were treated with equimo 


and the reactions were interrupted by the addition of gaseous hydrogen bromide. In 


the first instance 77 per cent of tri-n-butylfluorenylphosphonium bromide was 


recovered while in the third case only the expected olefin, benzalfluorene, was isolated. 


The m-nitroacetophenone reaction afforded a mixture of 14 per cent of the expected 


olefin product and 76 per cent of tri-n-butylfluorenylphosphonium bromide. 


DISCUSSION 


he claim that trimethylphosphonium ylids should fail to undergo a complete and 


normal Wittig reaction®’ has been repudiated by the successful reactions reported in 


Tables 1 and 2. In fact, trialkyl ylids have been shown to be more reactive than the 


corresponding triphenyl ylids. This result was not unexpected as shown by the 


ensuing discussion. Under no circumstances could any intermediate be isolated. 


interception of the reactions affording only Starting materials or the expected 


olefin products. 


CHART 


‘ 
Fluorenylide | 
>Triphenylphosphonium 7-5 
Triphenylarsonium 78 
8-0 
Dimethylsulfonium 
: 
(a) R,C-—PR CR 
R’.C—O > 
(b) R.C—PR O PR 
Vi Vila 
B 
R,’C—CR As CR, 
‘ 
< 
L Oo PR,” 
Vilb 
pp 


134 A. Wa. JoHnson and R. B. LACount 


As is apparent from the currently accepted mechanism® reproduced in Chart I, 
several factors may control the success or failure of the three steps in the Wittig 
reaction. 

Step A, involving the attack of an anionic centre at a carbonyl carbon, must be 
controlled in part by the polarity of the carbonyl group. That the reaction is facilitated 
by a highly polarized carbonyl group was demonstrated in the reaction of triphenyl- 
phosphoniumfluorenylide with substituted benzaldehydes® and is apparent from the 
reactivity of Id with less polar carbonyl compounds. 

The carbanion character of the attacking ylid (VI) should also affect step A. 
Tending to decrease this character and hence the ease of attack at the carbonyl group 
will be resonance interactions (p-p7) with groups attached to the carbanion which 
tend to delocalize the negative charge (for example, VI, R = phenyl). The reality of 


this effect is evidenced by comparing triphenylphosphoniummethylide (VI, R H, 
R’ phenyl), which reacts with all aldehydes and ketones,’ with triphenylphos- 
phoniumcyclopentadienylide (VI, R,¢ cyclopentadienyl, R phenyl) which has 


been reported not to react with carbonyl compounds." lriphenylphosphonium- 
fluorenylide (Ic) exhibited reactivity intermediate between these ylids.* These results 
verify that groups attached to the carbanion will decrease the reactivity of the ylid in 
proportion to their clectron-withdrawing power. 

The extent of (2p—3d) d-orbital resonance (1.¢ the contribution of structure VIb to 
the resonance hybrid) between the carbanion and the phosphorus atom should also 
affect the carbanion character of VI. The less the contribution of form VIb to the 
resonance hybrid the greater should be the reactivity of the vlid. The degree of 
d-orbital resonance hinges upon a large formal positive charge on the phosphorus 
atom" and it is apparent that substituents (R” in V1) can therefore affect the extent of 
this resonance through electronic interaction with the phosphorus aton Jaffe," 
Rao ef a ‘and Mann have shown that there are no resonance interactions between 
benzenoid rings and tetracovalent phosphorus atoms As a result, any interaction 
affecting the degree of positive charge on phosphorus must be of the inductive type. 
It is to be expected that the largerthe I(electron-withdrawing) effect of the phosphorus 
substituents the greater should be the operation of d-orbital resonance in the ylid. 

This expectation 1s veri ed by four illustrations from the literature. Chatt ef al.\4 
recently reported that in planar complexes of the type trans-(L, piperidine PtCl,), a 
larger ligand field splitting (a measure of the extent of d-orbital resonance between the 
metal atom and phosphorus) is shown for I P(OCH.,), than for L = P(CHs)s, as 1s 
expected only on the basis of a larger —I effect for the methoxyl group. | arlier, Chatt 
and Williams™ showed, via the “trans effect,”’ that the 7-bonding ability of trivalent 
phosphorus decreased in the order PF. PCI, P(OCH,). > P(CH,).,, the same as 
the order of decreasing inductive electron-withdrawing( —1) effect of the substituents. 


% (5. Wittig, Angew. C fe 68, 505 (1950); ”" D. B. Denne und M. J. Boskin, Chem. & Ind 340 (1959) 
1 EF. Ramirez and S. Levy, J. Amer. Chem. Soc. 79, 67 (1957) 

1. H. H. Jaffe, J. Phys. Chem. 58, 185 (1954) 

i2¢ HH. Jaffe, J. Chem. Phys. 22, 1430 (1954) 


12 H. H. Jaffe and L. D. Freedman, J. Amer. Chem. S 74, 1069 (1952) 

18 CN. R. Rao. J. Ramachandran, M. S. C. lah, S. Somasekhara, T. V. Rajakumar, Nature, Lond. 183, 
1475 (1959) 

1% F. G. Mann and E. J. Chaplin, J. Chem. Soc §27 (1937) 

™ J Chatt. G. A. Gamlen and L. E. Orgel, J. Chem. Soc. 1047 (1959). 

% J. Chatt and A. A. Williams, J. Chem. Soc. 3061 (1951) 
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More recently, Meriwether and Fiene,’* via infrared Spectra studies on 
nickeldicarbonyldiphosphines, elucidated the order PCl,; > P(OEt), > P(C,H;), 

- P(C,H,), for decreasing participation in d-orbital resonance. Similar conclusions 
have been reached by Wilkinson et al.1* from an examination of the infrared spectra 
of compounds of type L,Mo(CO), where L ligand group. 

Phenyl substituents in phosphonium ylids (VI, R” phenyl) would be expected to 
increase the formal positive charge on phosphorous via a —I effect!” and therefore 
permit a larger contribution of form VIb to the resonance hybrid. On the other hand, 
alkyl substituents would be expected to decrease the contribution of form VIb via 
a +-l effect. As a result trial] ylphosphonium ylids (Ib, Id) would be expected to be 
more reactive than tripheny lphosphonium ylids(Ic)and therefore undertake step A with 
greater ease. An examination of the results in Tables 1 and 2 verifies this hypothesis. 

Additional evidence bearing on this expectation is provided by an examination of 
the pKa’s of the conjugate acids of several onium fluorenylides reported in Table 3. It 
is to be expected that the greater the contribution of form VIb (via d-orbital resonance) 
to the resonance hybrid the more acidic will be the conjugate acid. Therefore, the 
more acidic conjugate acid should afford the least reactive ylid. This is in fact the case 
as the acidity of the fluorenylide conjugate acids decreases in the order dimethyl- 
sulfonium(la) triphenylphosphonium(Ic) triphenylarsonium(lIe) tri-n-butyl- 
phosphonium (Id) but the reactivity decreases in the opposite order.’* Hence, a 
measurement of the pXa value allows a prediction of the expected reactivity of an ylid. 

‘he higher stability of the triphenylphosphonium ylid (Ic) compared to that of the 
trialkylphosphonium ylids (Ib, Id) toward hydrolysis is also consistent with a higher 
degree of d-orbital resonance in the former. 

The factors affecting the facility with which step B occurs have not been elucidated. 
Levisalles’ and Wittig® rationalized the reported failure of trimethylphosphonium 
ylids to undergo a Wittig reaction by failure of Vila (R” alkyl) to form a penta- 
covalent intermediate (VIIb) via step B due to the electron-donating inductive effect 
of alkyl groups inhibiting the attack of the oxyanion on phosphorus. This effect is 
apparently non-existent in the cases we have examined. In view of the recent report!® 
on the kinetics of the reaction of quaternary phosphonium salts with hydroxide ion in 
which the first step (fast) was the attack of hydroxide ion on the salt to form a penta- 
covalent intermediate (VIII) it is unlikely that the similar conversion of VIla into 
VIlb (step B) controls the success of the W ittig reaction, regardless of the nature of 
the phosphorus substituents. (i.e., alkyl vs phenyl). 

Little is known regarding the factors affecting step C of the W ittig reaction. This 
Step is, however, similar to the slow step of the hydroxide decomposition of phos- 
phonium salts!® in which the pentacovalent intermediate (VIII) undergoes an electron 

HO- + PR, ——>[HO — PR,] >H.O + O—PR,+R 


ON 
Vill 


shift and loss of a hydrocarbon group with its electrons. The ease of departure of the 


'*4 L. Meriwether and M. L. Fiene, J. Amer. Chem. Soc. 81, 4200 (1959) 

i? E. W. Abel, M. A. Bennett and G. Wilkinson, J. Chem. Soc. 2323 (1959) 

‘7 B. M. Wepster, Rec. Trav. Chim. 71, 1171 (1952) 

'* The reactivity data for Ic and Id are reported in this paper and that for Ie is reported in ref. 1. The data 
for la is not yet published 

** M. Zanger, C. A. VanderWerf and W. E. McEwen, J. Amer. Chem. Soc. 81, 3806 (1959). 
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hydrocarbon group paralleled its stability as an anion. The same electron shift takes 
place in step C of the Wittig reaction and if the same effect is operative (1.c., the 
electron-withdrawing ability of the group CR.) and controls the decomposition of 
VIIb. two intermediates differing only in the nature of the group R” should decompose 
at nearly the same rate. That this is mot the case 1s apparent from the difference in the 
reaction of the ylids Ic and Id with, for example, p-dimethylaminobenzaldehyde (see 
Table 2). 

It is apparent that the course of the Wittig reaction and the relative ease with which 
various vlids and carbonyl compounds partake in it can best be accounted for on the 
basis of the initial condensation (step A) controlling the fate of the reaction. Steric 
effects, if of major importance, may result in step B becoming rate-controlling. 
However. in all cases studied herein and, to our knowledge, all examples reported to 
date steric effects are not important. Doubtless a specially designed example in which 
it is sterically impossible or highly unfavorable to bring the phosphonium and oxyanion 
groups together could be found and would permit isolation of an intermediate (VIla) 
Hence. the Wittig reaction will probably evolve as another case where either electrical 
or steric effects may be of major importance, depending on the particular reactants 
involved 

CONCLUSIONS 

1. Trialkyl ylids are more reactive than tripheny! ylids 

2. The initial step (A) in the condensation of an ylid with a carbonyl compound 
controls the success or failure of the Wittig reaction 

3. An estimate of the reactivity of an ylid may be obtained by a measure of the 
pKa of its conjugate acid. A theoretical prediction of the reactivity of an ylid may be 


made by considering its carbanion character as influenced by p- and d-orbital resonance. 


EXPERIMENTAI 


Trimethylphosphoniumfluorenylide (1b) Trimethylfluorenylphosphonium bromide was prepared 
from trimethylphosphine and 9-bromofluorene n 57° yield according to the procedure of Wittig 
and Laib.* It crystallized from benzene-cthat | as colorless needles, m.p. 221 223° (Lit.,* m.p 
218-219"). (Found: C, 59-6; H, 5-6; P, 9 7: Br. 25-0 Calc. for C,.H,,PBr: C, H, 


A smal sar ple of the salt was d ssolved in water and treated with a few drops of sodium hydroxide 
solution A yellow precipitate formed immed ately which faded to a colorless precipitate The latter 
was filtered and dried to m.p. 112-114 indepressed on admixture with authentic fluorene 

To a stirred slurry of 3-0 g (9:36 mmoles) of the salt in 75 ml benzene covered with an atmosphere 
of nitrogen was added 24-4 ml 0-4 molar phenyllithium solution. The colorless suspension, on heating 


under reflux for 6 hr, gradually formed a yellow solution of trimethyl phosphoniumfluorenylide (Ib) 


Reaction of trimethylphosphoniumfluore nvlide (Ab) with carbonyls 

To solutions of 3-13 mmoles of the benz aldehydes in 25 ml benzene was added a benzene solution 
of 3-13 mmoles of ylid (1b). The resulting mixtures were heated under reflux for 3 hr, then cooled, any 
solids removed by filtration and the filtrates evaporated The residues were crystallized in each case 

Benzaldehyde afforded 0-55 g (75°) ber alfluorene (AUlb) which crystallized from ethanol-water 
as colorless plates, m.p 74-76 , undepressed on admixture with an authentic sample. (Lit.,* m.p 
715_76°) 

p-Nitrobenzaldehyde afforded 0-70 g (74",) p-nitrobe nzalfluorene (lla) which crystallized from 


ethanol as yellow needles, m.p 165-167, undepressed on admixture with an authentic sample. 
(Lit.* m.p 167—168°) 
2° Melting points are uncorrected. Analyses by Schwarzkopf Microanalytical Laboratories, Woodside 77 


NY. Ultraviolet spectra were recorded on a Cary model 14 spectrophotometer 
21 G. Wittig and G. Felletschin, Liebigs Ann 555, 133 (1944) 
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p-Anisaldehyde afforded 0-67 g (73%) p-anisalfluorene (I1Ic) which crystallized from ethanol as 
pale yellow plates, m.p. 129-5—130-5°, undepressed on admixture with an authentic sample. (Lit.,* 
m.p. 130-131°). 

Tri-n-butylphosphoniumfluorenylide (1d). To a solution of 11 g (0-045 mmole) 9-bromofluorene*? 
in 75 ml acetone covered with an atmosphere of nitrogen was added 9-2 g (0-045 mmole) tri-n- 
butylphosphine™ forming a copious precipitate. The latter (9-4 g, 47°) was filtered after standing 
several hours. Recrystallization from ether-ethanol afforded tri-n-butylfluorenylphosphonium bromide 
as colorless microcrystals, m p- 194-195°. (Found: C, 67-2; H, 8-2: P. 7-1; Br, 18-3 C,;H;,PBr 
requires: C, 67-1; H, 8-1; P, 69; Br, 17-9°4. An aqueous solution of the salt gave a positive silver 
nitrate test for ionic halogen and afforded a yellow precipitate when treated with ammonia or sodium 
hydroxide solutions. The salt was not converted into fluorenol and tri-n-butylphosphine upon 
warming in water, but was recovered unchanged. 

To an aqueous solution of 16 g (0-036 mole) of the salt was added several ml 1-0 N sodium 
hydroxide solution until precipitation of the yellow ylid was complete. The ylid was filtered and 
washed with water and ether. Recrystallization from ether afforded 7-6 g (66%) tri-n-butylphos- 
Phoniumfluorenylide (1d) as yellow microcrystals, m.p. 123-124°. (Found: C, 82-1; H, 9-6: P. 8-2. 
CysHy5P requires: C, 82-2; H, 9-4; P, 8-5°%). The ylid dissolved in dilute mineral acid and was 
reprecipitated unchanged upon basification. Ultraviolet spectrum (chloroform): Amax(I og ¢) 250 mu 
(4-8), 258 (5-0), 284 (3-6), 295 (3-6), 308 (3-3). 325 (3-0), 379 (2-5). 

To a solution of 0-5 g sodium hydroxide in 20 ml methanol was added 0-3 g ylid (Id) and the 
slurry was heated under reflux for 5 hr. I pon quenching with water the solution afforded a colorless 
precipitate (0-13 g, 98°.) which crystallized from ethanol as colorless plates, m.p. 111-113°, un- 
depressed on admixture with authentic fluorene. The ylid afforded no fluorene upon standing for 
5 hr as an aqueous slurry. 

A benzene solution of 300 mg ylid (Id) was passed onto a column of 10 g Merck No. 71707 alumina. 
Eluted, in the follow ing order, were 60 mg (44 %,) of fluorene, m p. 110-111, undepressed on admixture 
with an authentic sample, 70 mg (48 °,) fluorenone, m p. 81-83°, undepressed on admixture with an 
authentic sample and 170 mg (95%) tri n-butylphosphine oxide, identified by a comparison of its 
infrared spectrum with that of an authentic sample. 

Passage of a solution of 200 mg 9-fluorenol through a column of 10 g Merck No. 71707 alumina 
afforded 55 mg fluorenone, m p. 84-85°, identified via its infrared spectrum and admixture melting 
point. 


Condensation of tri-n-butylphosphoniumfluorenylide (1d) with carbonyls 


A standard procedure was used in all reactions. To a solution of 1-0 g (2:74 mmoles) ylid (Id) in 
25 ml dry benzene was added 2:74 mmoles of the appropriate carbonyl compound and the solution 
was heated under reflux for 3 hr. In cases where there was little or no reaction after this time, the 
reaction was allowed to proceed for 24 hr. The benzene was evaporated on the steam bath and 15 ml 
hot ethanol was added to the residue. Any unchanged ylid was removed via filtration and the product 
was then precipitated by the addition of water and recrystallized. The pertinent data is recorded in 
Table 4. The yield of olefin does not take into account anv recovered ylid. The products were 
identified, in all cases except those of new compounds whose analyses are listed below. by comparison 
with literature data and by admixture melting points with authentic samples. The following analyses 
were found for the new compounds. 

w-Phenyl-w-(p-nitrophenyl \dibenzofulvene. (Found: C, 82-7; H, 4-7: N, 3-5 Cy5H,,;NO, requires : 
C, 83-2; H, 4-6; N, 3-7°4 

(Found: C. 73 9; H, 4:2; N, 68. C..Hi,.N,O, requires : 
C, 74.3; H, 3-8; N, 6-7°%). 

(Found: C, 80-6; H, 49: N, 4-5, C,,H,,NO, 
requires: C, 80-5; H, 4-8: N, 4-5°%). 

(- Methyl-w-(m-nitrophenyl)dibenzofulvene. (Found: C, 80-0; H, 5-2: N, 4-9. C,,H,;NO, 
requires: C, 80-5; H, 4-8: N, 4-5°), 

(Found: C, 83-4; H, 5-2; Cl, 11-4. C,,H,,Cl 
requires: C, 83-3; H, 5-0; Cl, 11-7°%). 


We thank Metal and Thermit Corp., Rahway, N.J., for a generous sample of tri-n-butylphosphin 
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CONSTITUENTS OF CAS/IMIROA EDULIS LLAVE 
ET LEX.—VI 


2'.5,6-TRIMETHOXY FLAVONE, 2’,5,6,7-TETRAMETHOXY FLAVONE 
(ZAPOTIN) AND 5-HYDROXY-2’,6,7-TRIMETHOXY FLAVONE 
(ZAPOTININ) 


. SONDHEIMER and A. MEISELS 
The Daniel Sieff Research Institute, 
Weizmann Institute of Science, Rehovoth 


(Received 22 December 1959) 


Abstract Experiments are described which show that a substance isolated from the root bark 
of Casimiroa edulis Llave et Lex. is 2’,5,6-trimethoxyflavone (Ila). It is demonstrated that zapotin 


and zapotinin, isolated previously from the same plant, are very probably 2’,5,6,7-tetramethoxyflavone 
(iila) and 5-hydroxy-2’,6,7-trimethoxyflavone (IIIb), respectively The occurrence in nature of 
flavonoids of type Ila, Illa and IIIb bearing a single oxygen substituent in ring B at the 2’-position 


is unusual 


THE isolation®* and structure elucidation’ of the carbostyril alkaloid casimiroin, a 
constituent of the fruit and bark of the tree Casimiroa edulis Llave et Lex., has been 
described previously. Pure casimiroin had been obtained by our group” by careful 
chromatography on alumina followed by crystallization to constant melting point. 
We have now found that the mother liquors remaining after this crystallization 
contain another substance 

Indications of this second product were first obtained when it was found that 
impure casimiroin derived from the root bark® on being boiled with 20 per cent 
hydrochloric acid yielded the colourless casimiroinol*:** accompanied by a yellow 
impurity. Casimiroin mother liquors were therefore re-chromatographed on alumina, 
when the acompanying substance was obtained as colourless plates, m.p. 125 

lhe empirical formula of this compound was found to be C,H ,O. and itcontained 


three methoxyl groups The spectral data (multiple absorption in the 6°0—6°5 u region 


MeO 
OMe O 
in the infra-red: ultra-violet maxima at 234, 268 and 328 my) were quite similar to 
those of 5,6-dimethoxyflavone (1) already found® in the bark of Casimiroa edulis. 


These facts strongly suggested a trimethoxy-flavone or -isoflavone structure.® 


i Part V: F. Sondheimer. A. Meisels and F. A. Kincl, J. Org. Chem. 24, 870 (1959) 
B. Power and T. Callar J. Chem. S 99, 1993 (1911) 
1 Romo. G. Rosenkranz and F. Sondheimer, J. Chem. Soc. 4163 (1956); J. Iriarte, 
}. Rosenkranz and F. Sondheimer, /bid. 4170 (1956) 
ind F. Sondheimer, J. Amer. Chen “«. 79, 6328 (1957) 
tion to be made between these classes of compounds, 


| 


The ultra-violet spectrum d 
as is evident from an inspection of the spectra of a variety of flavones' 


oes not allow a Ciear 


and isoflavones.’ 
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groups could be cleaved by means of hydriodic acid in acetic 
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O,, m.p. 142 
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ee t. S. Wawzonck, Heter ( unds (Edited by R. C. Elderfield) Vol. 2; * p. 265 p. 2¢ 
na John W New York ‘ 
4 H. L. Heregert and E. F. Kurth, J. Amer. Chem. Soc. 75, 1622 (1953); B. L. Shaw and 
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Constituents of Casimiroa edulis Liave et Lex Vi 14] 
trihydroxy-compound IIb and the triacetate Ilc agreed well with those of the corre- 


sponding compounds derived from Casimiroa edulis. Samples* of synthetic 2’.5.6- 


trimethoxyflavone (Ila) and 5,6-trihydroxyflavone (IIb) were obtained and we 
prepared 5-hydroxy-2 ,6-dimethoxyflavone (Ild) from the latter by treatment with 
diazomethane. Direct comparison showed that the three synthetic substances were 
completely identical with the respective natural compounds, and our structural 


assignments are therefore correct 


turn a COl ration e siru Zam il Zapotnin, two 


Zapotin, 


eroup 1s 
and potassium carbonate 
stability of the ring system of zapotin and zapotinin to base again suggests a 
flavone rather than an isoflavone structure The fact that one methoxyl gro ip in 


zapotin 1s cleaved readily, while the corresponding hydroxyl group is methylated only 


with difficulty, is also indicative of a 5-methoxy structure." This is confirmed by the 
fact that zapotinin gives a dark green colour with ferric chloride®™:’** and in the infra- 
red does not show a hydroxy! band in the 3 wu region 

Alkali fusion of demet! yizapotin had previously given salicylic acid in high yield. 


Since a 5-hydroxy! group Is present, this acid must be derived from ring B and con- 


sequently zapotin appears to be a 2 oxygenated flavone with no other substituents 


in ring B. The alkali fusion of demethylzapotin had also given resorcinol in low yield 
as the only phenol to be isolated, this compound probably being formed by secondary 


Were unsuccessiul and no 


changes. Repeated attempts to isolate other p 
Structural information regarding the oxygenation pattern of ring A could be obtained 
by this means 

The positions which can be considered for the remaining two methoxyl groups in 


zapotin are the 3-, 6-, 7-, and 8-positions. A 3-methoxy structure can be excluded 


since demethylzapotin does not give a bright colour with magnesium and hydrochloric 


* Kindly provided by Professor T. S. Wheeler and Dr. E. M. Ph 


' Zapotin in benzene solutio unafiected on tr tment with 4 nydrochioric acid at room temperature 
the conditions under nich it W lated Itt relo pears that ipotnil not an artefact formed 
from zapotin during tl soOlauio proces ithoug innot be excluded wit! compiete 


certainty 


5 
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2 ,5.6-trimethoxyflavone (II including th ra-red and ultra-violet spectra.*" Boil- 
= ian ing ZU per cent hydrochioric acid has now been found al to res n the cleavage of 
a J one methoxy! group to yield over YO per cent of zap un.** Boiling hydriodic acid 
oa : demethylzapotin Tre: ! Or tne ittel ubstance with diazomethane leads to 
ae Zapounin only three of the tour hydroxy! groups being methylated.” Ihe fourth 
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acid (Shinoda test for flavonols).'* The 8-position ts also apparently unsubstituted 
since demethylzapotin gives no colour with p-benzoquinone (a 5,8-dihydroxyflavone 


would have been oxidized to a quinone under these conditions). Zapotin therefore 


appears to be ?’.5.6.7-tetramethoxyflavone (Illa) and zapotinin 5-hydroxy-2 .6.7- 


trimethoxyflavone (IIIb). In agreement with these formulations is the fact that 


demethylzapotin (IIIc) with sodium hydroxide undergoes a series o! colour changes to 


RO 


0 


be expected if at least three hydroxyl groups are tn adjacent positions '*’-'®, and with 
sodium amalgam in ethanol it forms a green flocculent precipitate (this reaction, the 
Bareellini test. is indicative of a 5,6,7-trihydroxyflavone, although it does not definitely 
exclude certain other oxygenation patterns) 0.17 The flavone structure is confirmed 
by the fact that zapotin and demethylzapotin show quite different physical properties 
from those of the recently described” 2°,5,6,7-tetramethoxy- and 2',5,6,7-tetrahyd- 
roxyisoflavone, respectively There seems litthe doubt of the corrections of structure 
Illa for zapotin and lilb for zapotinin, and we hope to provide final proof through 
synthesis 

It is of interest to note from the biogenetic standpoint that 5,6-dimethoxyflavone 
(1). 2’.5.6-trimethoxyflavone (Ila) and 2 ,5,6 /-tetramethoxyflavone (Illa) occur to- 
gether in the same plant. Of especial interest ts the Tact that 2’.5,6-trimethoxyflavone, 
zapotin and zapotinin appear to first examples of natural flavones (as opposed 
to flavonols) bearing T XVE substituent in ring B at the 2’-position. This 
substitution pattern in rins is also quite rare in other naturally occurring flavonoids, 


only one example each in the favonol flavanone'™ and isoflavone'™ series being 


known 
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2’ .5,6-Trihydroxyflavone (11b) from 2°,5,6-trimethoxyflavone (lla) 


A solution containing 83 mg of the trimethoxy-compound Ila, | cc acetic anhydride and 3 cc 


hydriodic acid (d. 1-7) was heated in an oil bath at 140° for2 hr. The solution was cooled. treated 


with ice-water and the resulting precipitate (70 mg) was collected, washed with water and dried. 


Crystallization from acetone-chloroform gave 2’,5,6-trihydroxyflavone (48 mg) as yellow needles, 
m.p. 278-280° dec. (reported m.p. 274-278° dec.); Amax 278 and 338 my (log ¢, 4-65 and 4-37, 


respectively). It gave a stable yellow-brown colour with aqueous sodium hydroxide (two vicinal 
hydroxyl groups present)."*” (Found: C, 66°37; H, 3-71; CH,O, 0-00; act. H, 1-08. Calc. for 
C, 6667: 3°73; 3 act. 1-127) 


2’.5.6-Triacetoxyflavone (llc) 


This substance was obtained from 2’,5,6-trihydroxyflavone (IIb) through boiling with sodium 


acetate in acetic anhydride for | hr. It formed colourless needles from methanol, m p. 140-142 
m.p. 144-146"). (Found: C, 63-46; H, 3-84. Calc. for C,,H,,O,: C, 63°63; H, 4-07°%). 


(reported :' 


2’.5,6-Trimethoxyflavone from 2’ ,5,6-trihydroxyflavone (11b) 


rhe trihydroxy-compound IIb (50 mg) was boiled under reflux for 6 hr with 5 g methyl sulphate 


and 10g potassium carbonate in 30 cc dry acetone. Crystallization of the product from acetone 


gave 26 mg of the trimethoxy-compound Ila, m.p. 123-124, undepressed on admixture with the 


natural compound 


5-H ydroxy-2' ,6-dimethoxyflavone (1d) 


(a) From 2',5.6-trimethoxyflavone (lla). The trimethoxy-compound Ila (100 mg) was boiled 


with 70 cc 20°, hydrochloric acid for 30 min. The mixture was cooled, water was added and the 
yellow precipitate (90 mg) was collected, washed with water and dried. Crystallization from 
methanol gave 76 mg (80°) 5-hydroxy-2’,6-dimethoxyflavone as yellow needles, m p. 153-154 


8 and 6°33 “, no hydroxyl band in the 2-7-3-1 « region /Amax 272 and 


infra-red bands at 6°06, 6 


329 my: (log ¢, 4°37 and 4-11, respectively). It gave a dark green colour with ethanolic ferric chloride 
(5-hydroxyl group present) (Found: C, 68-15; H, 4:81; CH,O, 20-89; act. H, 0-38. C,,H,,O; 
requires: C, 68°45; H, 4-73; 2 CH,O, 20-78; 1 act. H, 034%) 


(b) From 2'.5.6-trihvdroxyvflavone (Alb). Treatment of the trihydroxy-compound IIb in methanol 


solution with excess ethereal diazomethane at 5° for 16 hr yielded over 90 of the 2’,6-dimethyl 


ether Ild, m.p. 153-154 here was no depression in m.p. on admixture with a sample prepared by 


method (a) and the infra-red spectra were identica 


Fusion of 2’ 5,6-trihydroxyflavone with potassium hydroxide 


The powdered trihydroxy-compound IIb (130 mg) was added to 1:3 ¢ potassium hydroxide 


and 0-2 cc water at 130 rhe temperature was gradually increased to 170° dur the next 30 min 


More potassium hydroxide (0-3 g) was then added, the temperature raised to 210° during 15 min and 


kept there for a furtl 15 mi The clear brown melt was allowed to cool and water and dil 
hydrochloric acid were added. The product was extracted with ether and the ether layer was washed 


ium bicarbonate and sodium hydroxide solution The bicarbonate extract was 


acidified with hydrochloric acid, extracted with ether and tl 


successively with sod 


lis ether solution dried and evaporated 


Sublimation of the residue at 100° (25 mm) and subsequent crystallization from ether—hexane gave 


35 mg (53°,) salicyclic acid, m.p. 159-160, identified with an authentic sample (m.p. 159-—160°) 
| 


through non-depression of the m.p. on admixture and the identity of the infra-red spectra 


The sodium hydroxide extract on acidification and extraction with ether gave 34 mg (26%) of 


the unchanged trihydroxy-compound IIb, but no other phenol could be identified 


Comparison of synthetic with natural 2',5,6-trioxygenated flavones 


.5,6-trimethoxyflavone (Ila) showed m.p. 122-124", 2’,5,6-trihydroxyflavone (IIb) 


+ 


Synthetic 


showed m p 


5-278 dec., and treatment of the latter with diazomethane gave 5-hydroxy-2’,6- 


dimethoxyflavone (Id), m p. 153-154". There were no m p. depressions when each of these substances 


were mixed with the corresponding natural derivative and the infra-red spectra in each case were 


identical 
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spotin (Na) with hydrochloric acid 
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ACCES A QUELQUES gem-METHOXY HYDROPEROXYDES 
STEROIDES 


L. Vettuz, G. MULLER, J. MATHIEU et A. PoITTEVIN 


Centre de Recherches Roussel-Uclaf, Paris 


(Received 17 December 1959) 


Résumé—L’ozonolyse en méthanol permet d’accéder, en série stéroide, 4 des méthoxy-hydroperoxydes 


gemines, Des 20-cetopregnanes ont ainsi fourni des méthoxy-hydroperoxydes en 20, par l’inter- 


médiaire d'un dérivé 20-méthylénique, ou en 17, par l'intermédiaire d'un acétate énolique 


Nous avons précédemment deécrit en série stéroide plusieurs bis-hydroperoxydes 


gemines (I), obtenus par action du perhydrol sur les dérivés carbonylés correspond- 


ants.'~* Les éthers methyliques correspondants, ou gem-méthoxy hydroperoxydes (II), 


déja obtenus dans diverses séries,” ‘ ne semblent pas aisément accessibles a partir de 


la fonction cétonique. Nous avons donc opere par ozonolyse d’une liaison éthylénique, 


en methanol, suivant les résultats de Criegee.* 


OOH 


OOH 


l(a) Les 20-méthoxy 20-hydroperoxy stéroides proviennent du clivage des dérivés 
/ 


20-methyléniques correspondants. L’accés a ceux-ci nous fut ouvert par la réaction 


de Wittig au méthyléne-triphényl-phosphorane. Ainsi, le 3x-acétoxy 11,20-dicéto 


ry 


IV Vv 


: Warnant, R. Joly, J. Mathieu et L. Velluz, Bull. Soc. Chim. Fr. 331 (1957) 


J 

* L. Velluz, G. Amiard, J. Martel et J. Warnant, Bull. Soc. Chim. Fr. 879 (1957) 

* L. Velluz, G. Amiard, J. Martel et J. Warnant, Bull. Soc. Chim. Fr. 1484 (1957): C. R. Acad. Sci.. Paris, 
244, 1937 (1957) 

*L. Velluz, G. Amiard, J. Mathieu, J. Warnant, J. Martel et J. Valls, Croatica Chem. Acta 29, 255 (1957) 

* R. Criegee et G. Lohaus, Liebigs Ann. 583, 6 (1953) 

* H. Plieninger et K. Suhr, Chem. Ber. 89, 270 (1956) 

* P. S. Bailey et S. S. Bath, J. Amer. Chem. Soc. 79, 3120 (1957). 

* R. Criegee et G. Wenner, Liebigs Ann. 564, 9 (1949) 
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pregnane (III) fournit le composé 20-methylenique (IV) ensuite soumis a l’action de 


5°. Le rendement de l’ozonolyse atteint 70°, en 32- 


ozone en méthanol, a 
acetoxy | l-ceto 20-méthoxy 20-hydroperoxy pregnane (V). Par réduction a l'aide du 


zinc en acide acétique, on régénére la cétone de depart 

l(b) Les 17-méthoxy 17-hydroperoxy stéroides n’exigent pas le passage par les 
dérivés 17-méthyléniques. II est en effet plus commode de former les acétates énoliques 
des 20-céto pregnanes correspondants par anhydride acetique en presence d’acide 
fort. La pregnane | 1,20-dione (II1), préecedemment citee, fournit dans ces conditions 
l’énol (VI) qui, aprés ozonolyse en méthanol, donne accés, avec un rendement de 85”,, 
au 3a-acétoxy I l-céto 17-methoxy 17-hydroperoxy etiocholane (VII). Le derive du 


pregnane exempt de carbonvle en 11 conduit de méme au 3a-acétoxy 17-methoxy 


17-hydroperoxy étiocholane. La reduction par le zinc en acide acétique aboutit aux 


17-céto étiocholanes correspondants 


L’ozonolyse en méthanol procure dintéressantes informations sur le mecanisme 
du clivage par ozone en général. Plusieurs hypotheses ont en effet été envisagées.” 
Selon Criegee®” l'ozonide (X) ne serait pas le produit primaire de la réaction. Il 
proviendrait de la recombinaison d'un zwitterion peroxydique (IX)—issu du clivage 
d'un complexe intermediaire (VII1)}—avec le fragment carbonyle. En presence de 


méthanol. ce zwitterion conduirait au méthoxy-hydroperoxyde (X1) 


Alors que la symétrie de l'ozonide (X) ne permet pas de recconnaitre le fragment 


de la molécule ayant conduit au zwitterion, la formation de methoxy hydroperoxyde 


(XI) ne laisse aucun doute sur le sens du clivage du complexe intermeédiaire (VIII). 


Les rendements satisfaisants en composes XI. que nous avons obtenus aussi bien a 
partir d'un derive méthylénique (X11) que d'un acétate énolique n’étaient guere 


previsibles En eflet, lattaque électrophile de ozone doit porter sur les centres de 


(1956) 


*P.S. Bailey, Chem. Re &N 
Criegece Abstracts of Papers presented at the 


p. 87P (1959) 


134th Meeting of the American Chemical Society, 
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plus haute densité électronique. Or, l’effet électromére des alcoyles rend le centre 22 
le plus sensible pour le dérivé XII et celui de l’acétoxyle sensibilise la position 17 du 
dérivé XIII. 


Il apparait donc bien que ce n'est pas l’attaque de l’ozone qui détermine la structure 
du produit final mais plutét le sens du clivage de l’intermédiaire VIII. Ce clivage est 


dirigé par les effets inducteurs positif des alcoyles (XIV) et négatif de l’acetoxyle (XV). 


PARTIE EXPERIMENTALI 


3a-Acétoxy 11-céto 20-méthyléne pregnane (IV). On chauffe au reflux pendant 14 hr 24g de 
bromure de triphénylmeéthyl-ph¢ oniul dans 260 cm* de benzéne auxquels on a ajouté 48 cm 
de solution éthérée a 1! de pher hium (1,3 M). On introduit ensuite 5 g de 3u-acétoxy 11,20- 
dicéto pregnane (II1) (12) également dissous en benzéne et poursuit le chauflage pendant 1} hr 
Apres les traitements usuels, le produit brut de réaction est acétylé. On chromatographie sur alumine 
en éther de pétrole et separe finalement 3.9 ¢ (80 ) de compose 20-meéthylénique, I 1O8—110°" 
[aly 61° kk 0.5 chloroforme). (Analyse: C,.,H,,O 372.5. Calculé: C, 77,4; H, 9, 
O, 12,9; Trouvé: C, 77,2: H, 9,5; O, 12,9%) 

3a-Acétoxy 11-céto 20-méthoxy 20-hydroperoxy, pregnane (V). On dissout 0,5 g du compose 
meéthyléenique ci-dessus dans 5 cm* de methanol, refroidit a et fait barboter un courant 
d’oxygene contenant 3°, d’ozone a raison de 400 cm*/minute pendant } hr. Le produit cristallise 
peu a peu. Rendement: 0,38 g (68°,), F. 170° (déc.). (Analyse: C,,H,,O, 422.5. Calculé: C, 
68.2: H, 9,1; O, 22,7: Trouvé: C, 68,9: a. a ) 

3a-Acétoxy 17-méthoxy 17-hydroperoxy étiocholane (V11). On dissout | g 3 20- 
diacétoxy 11-céto A'’**-pregnéne (VI)'* dans 50 cm* de méthanol et ozonolyse comme ci-dessus, 
a température ordinaire. Rendement: 0,82 g (86°,), F. 200 210° (déc.), [a]p 32° (¢ 0,5 
chloroforme). Analyse: C,.H,,O 394.4. Calculé: C, 67,0: H, 8,7: O, 24,3: Trouve 
66,7; H, 8,6; O, 24.7%) 


''G. Wittig et U. Schdlikopf, Chem. Ber. 87, 1318 (1954). 

7 R. B. Turner, V. R. Mattox, W. F. McGuckin et E. C. Kendall, J. Amer. Chem. Soc. 74, 5814 (1952) 

” H. V. Anderson, E. R. Garrett, F. H. Lincoln, A. H. Nathan et J. A. Hogg, J. Amer. Chem. Soc. 76, 743 
(1954) 
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Abstract 


INTRODUCTION of a 6z%-methyl group in certain A*-3-ketosteroids causes a remarkable 


increase of their biol il activities Thus 6%-methylhydrocortisone and 6z-methyl- 


solone. were f ind to be fou nes as activ 1c Wel ortisone. an nr 


predn 


lone 


spectively 


The syntheses a 


ethylenedioxy-5z,6z-oxidosteroid with methylmagnesium halide to afford 


Sz-hydroxy-6/)-methyl system, from which the 6x-methyl-A*-3-ketone may be formed 


enydration 


readily by conversion of the 3-hydroxyl group or 3-ketal to the 3-ketone, « 


of the 5-hydroxyl group, and inversion of the 6f-methy! group 


Since the existing methods involve a Grignard reaction, it is necessary to protect 


S are otten 


other carbonyl functions in the molecule. ( onsequently 


relatively low, and a simplified synthesis seemed therefore desirable 


In a search for new ways to introduce the 6-methvl group the well known addition 


of polyhalomethanes to olefines'* seemed to constitute an attractive possibility. This 


type of reaction, which has been extensively investigated by Kharasch, Haszeldine and 


others, ts catalysed by light and peroxides, and is therefore considered to proceed by a 


free-radical mechanisn Ihe reaction has, however, as far as we are aware, never 


been used in the steroid series 


1. Magerk 4. R. Hanze, H. C. Murray, O. K. Sebek and J. A. Hogg 


E. Herr 


J {mer 


H. J. Ringold, E. Batr 1G. Rosencranz, J. Or Chem. 22, 99 (1957) 
* A. Bowers and H. J. R old, J imer. Chen Se 80, 3091 (1 
J. A. Campbell, J. C. Babcock and J. A. Hogg, J. Amer. Chem. S 80, 4717 (1958) 
* D. Burn, B. Ellis, V. Petrow, J. A. Stuart-Webb and D. M. Williamson. J. Chem. S 4092 (1957) 
M. Ackroyd, W. J. Adams, B. I s, V. Petrow and J. A. Stuart-Webb, J. Chen 5 4099 (1957) 
* V. Greenville, D. K. Patel, V. Petrow, J. A. Stuart-Webb and D. M. Williamson, J. Cher Se 4105 
(1957) 
’G. Cooley, B. Ellis, D. N. Kirk and V. Petrow, J. Chem. Soc. 4112 (1957) 
‘* S. P. Barton, B. Ellis and V. Petrow, J. Chem. S 478 (1959) 
Madaev | M hakov and N., |} Kos! eleva. J. Gen. Chem. U.S.S.R 10, 21 3 (1940) 
* Ch. Walling, Free Radicals in Solution pp. 247-272. John Wiley, New York (1957) 
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As starting material for such additions a steroid derivative containing a A®-double 
bond was necessary. Among easily obtainable derivatives of A*-3-ketosteroids ful- 
filling this requirement cyclic ketales enol ethers, enol acetates, and enamines came 
into question. Of these. the enol ethers were soon found best suited, and only 
additions to this type of compounds will be dealt with in the following. 

it will be shown that several polyhalomethanes, viz. CBr,, CCI,Br,, and CCI,Br 
are able to react with enol ethers of A*-3-ketosteroids; of these CBr,, however, has 


been found specially suited in the new synthesis of 6z-methyl steroids presented in 


this paper and reactions with this substance will therefore be treated in greater detail. 


When a solution of testosterone 3-ethyleno!l ether (1) in collidine is treated with 
tetrabromomethane at room temperature, without any irradiation or addition of 
peroxides, a reaction takes place which, presumably through the intermediate II, 


leads to 6-tribromomethyltestosterone (111) 


This compound readily eliminates hydrogen bromide with the formation ol the 
crystalline, stable dibromomet ne compound 1\ 


Upon catalytical | venolysis over palladium on strontium carbonate in the 


yf 2 mol triethvilamine. 3 moles of hydrogen are rapidly absorbed. The 


pre senee ¢ 


hydrogenolysis product ntains no bromine and shows no selective absorption in the 


owever, it rearranges to a product, which in all respects 


tical with authentic 6z-methyltestosterone (V), a result which is readily under- 


stood by assumption ol the reaction sequence shown in formulae IV—\ 


Besides testosterone the following A4.3-ketosteroids were transformed into their 
respective 6-dibromomethylene derivatives by reaction of their 3-ethylenol ethers 


with tetrabromomethane: 17z-methyltestosterone, 19-nor-testosterone, progesterone, 


* The assignment of IV to the climination product is based mainly upon infra red evidence: Besides 
bands at 1660 and 1607 cm™ characteristic of the A*-3-keto system, the infra red spectrum possesses a band 
at 1578 cm™, which could be due to the extra conjugated double bond present 1 IV. The possibility that 
one of the hydrogen atoms at C, has participated in the elimination with the formation of a cyclopropane 


ring can, however, not be excluded 
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|7a-hydroxyprogesterone, |1-desoxycorticosterone acetate, 
corticosterone acetate, and cortisone acetate. In most cases the tribromo-methyl 
compounds were not isolated, but directly transferred into the corresponding dibromo- 
methylene compounds by heating the reaction mixtures. The yields varied from 
30-80 per cent of the theoretical. 

In contrast to 17x%-hydroxyprogesterone, 6-dibromomethylene-|7x-hydroxypro- 
gesterone is acetylated at C-17 in nearly quantitative yield, a significant fact in the 
synthesis of the important progestational agent 6x-methyl-17z-hydroxyprogesterone. 

All of the 6-dibromomethylene compounds, mentioned above, were readily 
converted into the corresponding 6«-methyl steroids by catalytical hydrogenolysis 
over Pd/SrCO, followed by an acid catalysed rearrangement. The hydrogenolyses 
were carried out in methyl cellosolve or dioxane in the presence of 2 moles of triethyl- 
amine, and the treatment with acid was performed directly on the hydrogenolysis 
mixtures after removal of the catalyst. The yields were mostly good, and the reaction 
sequence, shown below, therefore represents a convenient synthesis of 6a-methyl 


steroids. 


CBr CH, 


It has already been mentioned that other polyhalomethanes react in a similar 
way as tetrabromomethane. Thus, treatment of testosterone 3-ethylenol ether (1) with 
CCI,Br in dioxane containing pyridine affords 6-trichloromethyltestosterone (VI), 
which readily eliminates hydrogen chloride to give 6-dichloromethylenetestosterone 
(VII),* a product which also is obtained if CCI,Br is replaced by CCI,Br,. In analogy 
with IV, VIL upon catalytical hydrogenolysis followed by acid catalysed rearrangement 


smoothly affords 6zx-methyltestosterone 


Vil 


Since the completion of this work a new synthesis of 6%-methylsteroids, based 
upon hydroformylation of a starting material having a 5,6-double bond and no other 
reactive groups, is described.'*"* The 6-formyl compounds formed dur ing this reaction 
are reduced to the corresponding 6-hydroxymethyl compounds which via the tosylates 
are converted to 6z%-methy! steroids. 


* As regards the constitution of the elimination product the same considerations as stated for the corre- 
sponding dibromo compound are valid 

A. L. Nussbaum, T. L. Popper, E. P. Oliveto, S. Friedman and J. Wender, J. Amer. Chem. Soc. 81, 1228 
(1959) 


4 P. F. Beal, M. A. Rebenstorf and J. E. Pike, J. Amer. Chem. Soc. 81, 1231 (1959) 
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6- Dibromo nethvienetest 
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sterone pyridine (100 ml) was heated on the steam bath 
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from ethanol to give 4-05 g of material, m p. 230-231°. The analytical sample, obtained by further 
recrystallizations from ethanol, had m p. 232-233 {x}, +210 U.V. Amax 250 my (e¢ 10400), 
j der 285 mu (e 6000); I.R. (KBr): 1578, 1607, 1660cm-'. (Found: C, 52-17; H, 5-72: Br, 
34-88. C,,H,,Br,O, requires: C, 52°42; H, 5-72; Br, 34-88°%) 

The acetate of IV was obtained directly from III as follows: To a solution of 6-tribromomethyl- 


testosterone (5-7 g) in dry pyridine (65 ml) acetic anhydride (20 ml) was added. After standing 


overnight at room temp, the mixture was poured into water (500 ml). The precipitate was collected 


and recrystallized from ethanol to afford 6-dibromomethylenetestosterone acetate(5:\ g),m.p. 168-169". 
[x]}p 180 IL.R. (CHCI,): 1570, 1610, 1675, 1725 cm (Found: C, 52-99; H, 5-78: Br, 31-98. 
C,.H,.Br,O, requires: C, 52°81; H, 5-64; Br, 31-95°%) 

rhe following 6-dibromomethylene compounds were obtained in analogy with 6-dibromomethyl- 


enetestosterone, method A being used for the preparation of the intermediate 6-tribromomethyl 


steroids, which without purification, were converted to the corresponding dibromo compounds by 


heating in pyridine as described above 


6- m.p. 194-195° (from ethanol) 193 
vield, 55°.: U.V. Amax 251 mu (e 10600), 7 r 285 mu (€ 5700). (Found: C, 53-48: H, 6-18: 
Br, 33-70. C.,,H,,Br,O, requires: C, 53-40; H, 5-97: Br, 33-85°) 

6- Dibromomethylene-\9-nortestosterone acetate m.p. 146-147° (from methanol); yield, 
35°; U.V. Amax 250 my (e 13900), 7 ier 286 my (e 4900); I.R. (KBr): 1565, 1610, 1683, 
1735 cm (Found: C, 51-93; H, 5-38; Br, 32-79. C,,H.,Br,O, requires: C, 51°87; H, 5-39; 


Br, 32:8 
6- Dibromomethylene-\\-desoxycorticosterone acetate: m.p. 176-177° (from methanol). 
222°: yield, 45°<;: U.V. Amax 250 mu (e 11400), 7 r 282 mu (¢ 5000): LR. (KBr): 1573, 1618, 
1680, 1725, 1750 cm (Found: C, 52°91; H, 5-69; Br, 29-31. C.,H,,Br.O, requires: C, 53-16; 
H, 5-57; Br, 29-47°) 


The 6-dibromomethylene compounds of progesterone, 17 x-hydroxyprogesterone, comp S acetate, 


) 


and cortisone acetate were prepared by the following general procedure: The 3-ethylenol ether 


(0-1 mole) was dissolved in a mixture of dioxane (200 ml) and pyridine (16°1 ml ~ 0-2 mole) 


Tetrabromomethane (66-4 g ~ 0-2 mole) was added, and the resulting yellow solution was left 


standing at room temp for 24 hr A crystalline precipitate, consisting of an addition compound of 


| mole pyridine hydrobromide and | mole tetrabromomethane was filtered off, and the filtrate 


heated on the steam bath for 3—4 hr Alter cooling, a precipitate, mainly consisting of pyridine 


hydrobromide was removed; the filtrate was diluted with ether (500 ml), washed thoroughly with 


water, and dried; whereafter the solvent was removed in vacuo 


The residue crystallized with methanol, and the crude products, obtained in this way, were 


purified as follows 


6- Dibromomethyleneprogesterone. One recrystallization from methanol afforded 36°, of material, 


m.p. 201-202°. The analytical sample had m.p. 202-203°. [x] +242 U.V. Amax 250 my (e 9750), 
Ashouider 285 mu (e 5600); IR. (CHCI,): 1570, 1622, 1678 and 1700 cm (Found: C, 54-48; 
H, 5:82; Br, 32:95. C,,H,,Br,O, requires: C, 54-58; H, 5-83; Br, 33-01%) 


6- Dibromomethylene-\17x-hydrox yprogesterone. After one recrystallization from methyl cellosolve 


64°, of prisms, m.p. 243-244" were obtained. The analytical sample had m.p. 246-247 [x], +169 
U.V. Amax 252 mu 10250), Asnouiaer 280-285 my 5850). (Found: C, 52-93: H, 5-88: Br, 31-70. 


C,.H,.Br,O, requires: C, 52°81; H, 5-62; Br, 31-95%) 


6- Dibromomethylene-17«-hydroxy-\\-desoxycorticosterone acetate. The crude product, which was 


contaminated with some comp S acetate, was dissolved in hot acetone. Upon cooling the impurity 


separated as needles. Addition of water to the filtrate precipitated the dibromo-compound, which 


was recrystallized from methanol to give a 30°. yield of a product with m.p. 221-222 The analytical 


sample, obtained from methyl cellosolve, had m.p. 228-229-5°. [a]j’ +-201 U.V. Amax 251 my 
(€ 9950), Asnoutder 280-285 mu (e 5800). (Found: C, 51-61; H, 5-49; Br, 28-70. C.,H,.Br.0; 
requires: C, 51-63; H, 5-42; Br, 28-63%). 

6- Dibromomethylenecortisone acetate. A contamination of cortisone acetate was removed in 


the same way as the comp S acetate mentioned above. Recrystallization from methyl cellosolve 
afforded pure material with m.p. 236-237° in 55% yield. [a] +256°. U.V. Amax 252 mp (e 9650), 
Asnouider 275-280 mu (e 5250); I.R. (CHCI,): 1570, 1607, 1668, 1703, 1720 and 1735 cm~. (Found: 
C, 50:27; H, 5:12; Br, 27-96. C,.,H,,Br,O, requires: C, 50-37; H, 4-93; Br, 27-94%) 
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Acetylation of 6-dibromomethylene-\7x-hydrox yprogesterone 
and p-toluene-sulphonic acid (13-0 g) 


6-Dibromomethylene-17x-hydroxyprogesterone 13-0 g) 
The 


of glacial acetic acid (200 ml) and acetic anhydride (50 ml) 


were suspended in a mixture 
resulted (about | hr) and then allowed to stand overnight 


suspension was stirred until a clear solution 
at room temp Water was added, and the amorphous precipitate collected on a filter, washed with 


water, and dried over P,O 
give 14-6 g 6-dibromomethylene-\7 z-acetox yprogesterone, 
111-115 

For analytical purposes, 
U.V. Amax 249 my (e 10200), / 280 


,H,,Br,O,, CgH, requires 58-08: H, 5°85; Br, 


The dried product (14-2 g) was crystallized from benzene hexane to 
containing I mole of benzene: m.p 


a sample was recrystallized from benzene, m.p. 114°5-117 {a} 
6200). (Found: C, 58:14; H, 6°06; Br, 25-72 


285 mu ( 


TABLE 


Recrystallized Yield 


( ompound 
irom 


6a-Methyltestosterone acetone- 
hexane 
6x.17x-Dimethyltestosterone ether- 
hexane 
6x-Methylnortestosterone acetate ether- 
hexane 


hexane 


6x-Meth 


6x-Methyl-17-acetoxypro- sopropanol 
gester 


68-Methyl-17-acetoxypro 


gester 


6a-Methy! -hydroxy-! 1-des- 


methanol 


198-5 acetone- 
OXKV-< rexane 


6a-Methy lcortisone 


ethano 


240 


6-Tric 


dioxane (60 ml), pyridine (S ml) and 


bromotr loromethar (10 n wer hded, a the mixtur vas allowed to stand at room temp 
20 hr al | | no a mou! whereby 
separate nen Ca ng. was lura wit ith m.p 212 
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(dec) 2500). (Found 


one (VIl) 


(Vi Wi pyridine 
idded. and on scratching the product 


(150 ml) and the solution 


ter 


7-6 g of material, m Pp 208-210 


$800): I.R. (KBr): 1612, 1665 cm 
(Found requires C. 65-04: H, 7:10; Cl, 19°20 


6x- Meth -\'.3-khetosteroids 
The 6-dibromomethylenesteroid (0 O3 m« 


(2-4 ml. 0-06 mole) was added, and the mixture shaken under hydrogen 


Genera le) was dissolved in methyl cellosolve 
or dioxane Triethyvlamine 
in the presence of 20 g of pre-reduced 2°, palladium-strontium carbonate catalyst 
B Woodward Sondhemmer Taub Heusler and Ww M McLamore, / Aimer Chem So 74 

4223 (1952) 
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In 30-60 min, 3 moles of hydrogen were absorbed, and the consumption of hydrogen ceased. 
The catalyst was removed, and the filtrate acidified with 10°, of 1 N hydrochloric acid. After 
standing for | hr at room temp water was added, and on scratching the product crystallized. It was 
filtered, washed with dil methanol, and, after drying, recrystallized from an appropriate solvent. 
The data of the hydrogenation products, which all gave satisfactory microanalyses, are given in 


Table | 


By the hydrogenation of 6-dibromomethylene-17x-acetoxyprogesterone a small amount of 


6$-methyl-17«-acetoxyprogesterone could be isolated from the mother liquor of the main product 


6x-methyl-17«-acetoxyprogestcrone. It was readily epimerized at C-6 upon treatment with hydrogen 


chloride in chloroform according to (¢ ampbell et al 


icknowledgements—The authors wish to thank Dr. P. Morch for I.R.- and U.V.-spectra and 
Mr. G. Cornali for the microanalyses 
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since the stability of this state is much more dependent on the contribution of such 
single-bond structures. In other words, stronger stabilization by resonance in the 
transition state than in the ground state must be the reason for the lower energy of 
activation in these isomerizations 

lhe conjugation between the ethylene bond and the benzene nuclei can be sterically 
inhibited in both ground and transition states by bulky substituents located in alpha 
and ortho positions. Their interactions prevent that degree of approach to coplanarity 
between the ethylene system and the benzene nuclei which is required to make the 
overlapping of p-orbitals effective.” The situation then approaches that of |,2-dideu- 
teroethylene, and the result should be a much more difficult thermal isomerization. 

In Fig. | the transition state for the perchlorostilbenes is represented. The shaded 
areas show the steric interaction between chlorine atoms causing the departure from 
coplanarity in the transition state Accordingly, while cis-x.x'-dichlorostilbene 
undergoes measurable isomerization in the liquid phase at around 200°° here it is 
reported that extended heating of cis-perchlorostilbene (1) at 300°, or trans-perchloro- 
stilbene (II) at 400°, fails to give any detectable isomerization 

It can be expected that removal of one ortho chlorine in both benzene nuclei of 
perchlorostilbene would strongly diminish the inhibition of resonance in the transition 
State. Actually, 1-5 hr heating of at 
260° yields an 11 per cent conversion into its trans-isomer (IV). This isomer fails to 


give any cis-isomer under the same conditions 


Catalytic isomerizations of stilbenes 


Halogen atoms can bring about cis—trans isomerizations. The evidence reported 


in the literature points to a radical chain mechanism occuring essentially in three 


* M. Ballester, C. Molinct and J. Rosa, Tetrahedron 6, 109 (1959) 
*T. W. J. Taylor and A. R. Murray, J. Chem. Soc. 2078 (1938) 


; 
4 
. 
UL L 
C CL 
CL Cl CL Cl 
Cl CL 
q 
UL 
Cl Cl Cl 
Cl Cl cL 
Cc 
C CL 
LL 
CL CL 
CL Ch 
I IV 


158 M. Ba.cesrer and J. Rosa 


steps: (1) Reversible halogen-atom addition to double bond. (2) Rotation iso- 
merization of the resulting radical-adduct to give that of the isomeric ethylene (3) 
Reversible dissociation of this second adduct to vield the isomeric ethylene. 

The main feature of this mechanism ts that with the addition process the high 
rotational energy barrier of an ethylene bond is replaced by the smaller rotational 


energy barriers of a single bond between a tetrahedral and a trigonal carbon atom. 


If this isomerization mechanism is accepted it can be expected that the introduction 
in a stilbene of bulky groups in ortho and alpha positions should prevent its isomeriza- 
tion by halogen either hindering step (1) o1 (2). This should be the case of perchloro- 


stilbene. Its hypothetical radical adducts with a chlorine atom, IA and ILA, should 


possess an important steric strain due to overcrowding about the carbon (tetrahedral) 


atom to which the chlorine atom becomes honded. This strain would assist the 


dissociation of the adducts into their original components 

There is a considerable body of evidence showing that compounds of the type 
C,C1.CCI,R (R Cl, CCl,, CCI,C,Cl,, etc.), because of the steric repulsions between 
the two ortho chlorine atoms and the substituents on the alpha carbon atom, are 
energy-rich. In spite of the great number of attempted preparations few of such 
compounds have been obtained so far.'' Their ultra-violet absorption spectra reflect 
strikingly their high strain ! Brown et al. have estimated on experimental basis the 
strain of 2.6-dichloro-1-trichloromethylbenzene;* their value is 24 kcal/mol. This 
means that in the case of the perchlorostilbenes there is an additional steric energy 
barrier to be surmounted in step (1) which obviously is high enough to break up the 
reaction chain. 

It is pointed out that step (1) 1s an electrophylic attack and therefore it is favoured 
by electron release to the alpha carbon atom. Therefore, it can be expected that steric 
inhibition of resonance between the benzene nucle and the double bond due to steric 
interaction between the two ortho chlorine atoms and the substituents attached to 
the alpha carbon atom can hinder that electron accession to the reaction site and 
consequently also step ( 1).* However, in view of the magnitude of the energy due to 


* The authors are much indebted to the referee of this work for pointing out such possibility and for 
other valuable suggestions 
1“ H. Steinmetz and R. M. Noves J. Amer. Chem. Soc. 74, 4141 (1952) 
11M. Ballester. C. Molinet and J. Castafer, forthcoming publication 
12M Ballester and J. Castafier, forthcoming pubdlication 
13H. C. Brown, D. Gintis and L. Domash, J. Amer. Chem. Sox 78, 5387 (1956) 
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overcrowding and the very small extent of the “styrene” resonance in both «,2,3.4.5. 
4 .2',3' 4'.S’-decachlorostilbenes and perchlorostilbenes as ascertained by their ultra- 


violet spectra® and by simple inspection of their Stuart models, the authors do not 


favour this effect as a major one. 


The radical adducts should also have to overcome an important steric energy 


barrier before reaching the required configuration for step (3) of the isomerization to 


occur. This would create an additional hindrance and favour further the ineffectual 


dissociation of the adducts over the stereomutation. 


Cl 
Cl Cl Cl Cl Cl Cl 


R—C R-—C —— R—C 
C—R C—R 


R 


It has been found accordingly that while an attempted photochlorination with 


chlorine and white light of cis-x,2,3,4,5,x',2',3’,4’,5’-decachlorostilbene gives 84-6 per 


cent yield of its isomer, both cis- and trans-perchlorostilbene fail to give any detectable 


isomerization under the same conditions. No isomerization of the cis-decachloro- 


stilbene occurs by illumination with white light in the absence of chlorine, the other 


conditions being equal. 


gives, when treated with sulphury| 


chloride containing anhydrous aluminium chloride and sulphur monochloride, an 


almost quantitative yield of trans-perchlorostilbene. However, when cis-x,2,3.4,5.’. 


2’,3',4',5'-decachlorostilbene is treated with the same reagent and under the same 


conditions a mixture containing both the cis- and trans-perchlorostilbene is obtained. 


Therefore, by the influence of the chlorinating agent stereomutation has occurred. 


It has been found that neither cis- nor trans-perchlorostilbene isomerizes under 


the reaction conditions. Therefore, the stereomutation has taken place either in the 


decachlorostilbene or in the undecachlorostilbene stage. 


If it is accepted—as in the previously considered case of the radical-catalysed 


isomerization—that the isomerization here occurs through double-bond addition of 


an electrophylic particle, it is reasonable to assume that the stereomutation will take 


place the easier the lesser is the degree of ortho substitution by chlorine. In the present 


case, the hindrance to isomerization in the perchlorostilbenes is interpreted also 


through consideration of the high steric strain of the intermediate adducts. It can 


therefore be assumed that stereomutation occurs, at least mostly. prior to any nuclear 


perchlorination. 
The fact that isomerization occurs in a relatiy ely chlorine overcrowded compound 


such as cis-%,2,3,4,5,%',2’,3',4',.5'-decachlorostilbene suggests that the electrophylic 


particle which adds to the double bond is a small one. One is tempted to assume 


that Cl* is the particle and, consequently, that the isomerization occurs through the 
intermediate cation 


EXPERIMENTAI 


Some properties of the stilbenes here studied have been given previously.* However, it is desirable 


to emphasize here again that the great differences of solubility between the geometrical isomers 


permitted treatment with solvent to perform clean and relatively rapid separations. 
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Some experiments described are intended to show that the isomerization of perchlorostilbenes, 
if anv. is insignificant. It was desirable therefore to perform control experiments concerning the 
solubilities in the solvents used under the separation conditions to find out whether considerable 


amounts of the isomers could pass undetected 


Solubility experiments 


Finely ground perchlorostilbene was shaken in the solvent during 1} hr at 16-17°. The undissolved 


part was filtered off and the residue of a measured part of the solution was weighed 


Ethyl ether cis-perct lorostilbene, 0-41 ¢ mi: trans-perchlorostilbene, 0-0040 ‘ Benzene 
cis-perchlorostilbene, 5-70 trans-perchlorostilbene, 0-015 

The solubilities of trans-perchlorostilbene in saturated solution of cis-perchlorostilbene are 
Ethyl ether 0-0044 Benzene 0-016 

Consequently, the differences of solubility and the insolubility of the frans isomer are so great 


as to permit exceptionally clean separations 


Thermal isomerization of 4,5 hlorostilbene 

In a sealed glass tube 0-106 g cis-x,2,3,4,5,%',2',3',4',5 -decachlorostilbene, m.p. 141 142°," were 
heated during 6 hr at 260-265 The resulting solid mass was treated with boiling pet ether which 
extracted 0-092 g of the starting materiaJ. The residue (0-012 g) was identified as trans-decachloro- 
stilbene by m.p., mixed m.p. and ultra-violet spectrum." 


11-3° 


The vield of the isomerization was therefore 


{ttempted thermal isomerization of trans-%,2,3,4,5,% 4S '-decachlorostilbene 


In a sealed glass tube 0-079 g trans-x,2,3,4,5,%',2',3',4',5 -decachlorostilbene, m.p 


7456 
were heated during 1-5 hr at 265 The resulting mass was refluxed with 10 ml pet ether and the 
residue (0-068 g) was identified by m.p and mixed m.p. as unchanged trans-decachlorostilbene 
1 of the mother liquor yielded 0-007 g more starting material. No cis-decachloro- 


Concentratior 


stilbene was detec ted 


Attempted thermal isomerization of cis-perchlorostilbene 
In a sealed glass tube 0-211 g cis-perchlorostilbene, m.p 230-5—231-5°.* were heated during 4 hr 
at 300 The resulting mass (0-210 g) left no insoluble residue by treatment w ith a few ml cold benzene, 


and it was identified as starting material by m.p and mixed m.p 


Attempted thermal isomerization of trans-per¢ hlorostilbene 

In a sealed glass tube 0-078 g trans-perchlorostilbene, m.p. 390°," were heated during } hr at 400 
Treatment of the resulting mass with hot carbon tetrachloride gave 0-018 g pure starting material 
The carbon tetrachloride solution, after evaporation to dryness and treatment with 


as residue 
re part soluble in benzene (0-006 g) gave by 


hot benzene gave 0-053 g more starting material. TI 


tion 0-003 ¢ more trans-perchlorostilbene and 0-003 ¢ of an oil which did not vield crystals, 


ra 
ra 


concent 
even when seeded with « s-perchlorostilbene The recovered material melted sharply at 390° and 


it was identified by mixed m.p 


Attempted photos hlorination of 

Through a steam-heated solution of 0-052¢ cis-x,2,3,4,5,«',2°,3',4 .§’-decachlorostulbene in 
3 ml purified carbon tetrachloride placed in a ° Pyrex”’-brand container a stream of dry chlorine 
was passed while illuminating with a 500W incandescent lamp located at 20 cm from the container 
Partial removal of the solvent yielded 0-023 g trans-decachlorostilbene which was identified by m.p., 


mixed m.p. and ultra-violet spectrum.” The residue obtained by total elimination of the solvent 


was treated with hot pet ether yielding 0-021 g more of the product Yield of the isomerization, 85° 


Attempted photo-isomerization of cis-%,2,3,4,5,2 S'-decachlorostilbene with white light 


4 solution of 0-050 ¢ cis-x,2,3,4,5,«',2',3’,4',S’-decachlorostilbene in 3 ml purified carbon tetra- 


chloride was heated during 22 hr in a “Pyrex"’-brand flask while illuminating with a SOOW incandescent 


lamp located at 20cm from the container. Removal of the solvent gave 0-049 g unchanged pure 
£ ged | 


cis-decachlorostilbene. It was identified by mixed m.p. 
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Attempted photochlorination of cis-perchlorostilbene 


Through a steam-bath heated solution of 0-200 g cis-perchlorostilbene in 7-5 ml purified carbon 
tetrachloride a stream of dry chlorine was passed during 19-5 hr while illuminating with a 500W 


incandescent lamp situated at 20cm from the container. By removal of the solvent 0-239 ¢ of a 


solid residue was obtained which by digestion in ethanol gave 0-189 @ starting material. From the 


ethanol solution 0-05 g perchloroethane was obtained. The recovered cis-perchlorostilbene melted 


at the correct temperature and was completely soluble in cold ethyl ether. This showed the absence 


of a significant amount of the trans-isomer 


ittempted photochlorination of trans-perchlorostilbene 


Through a steam-bath heated suspension of 0-200 g trans-perchlorostilbene in 7-5 ml purified 


carbon tetrachloride a stream of dry chlorine was passed during 35 hr while illuminating with a 


SOOW incandescent lamp situated at 20cm from the container The solid residue obtained by 


elimination of the solvent was treated with hot pet ether ljeavi i 0-174 g of a residue wi ich was 


identified as starting material. The soluble part consisted of perchlorobenzene (0-020 g) and perchloro- 


ethane the separation of which was performed by treatment with ethanol. The ider tifcation was 


yerformed by mixed m.p. with authentic samples. The trans-perct lorostilbene melted sharply at 390 
| | | 


Nuclear chlorination of -decachlorostilbene 


A solution containing 0-050 ¢ sulphur monochloride in 4 ml of sulphuryl chloride was added 


gradually to a boiling solution containing 0-100 g cis-~,2,3,4,5,«’,2’,3’,4’.5’-decachlorostilber e, 0-025 g 
anhydrous aluminium chloride and 3 ml sulphuryl chloride. The resulting solution was then concen- 
trated to 2 ml and the refluxing continued for about 3 hr Keeping constant the volume of the reaction 
mixture by adding small quantities of sulphuryl chloride. Most of the ulphury! chloride was distilled 
off and the residue treated with hot water and powdered sodium bicarbonate. The mass was then 
acidified with hydrochloric acid to dissolve the aluminium hydroxide formed. 1 eated with ethyl 
ether and the two layers formed filtered Ihe insoluble part (0-038 g) was identified as trans- 
perchlorostilbene by m.p., mixed m p. and ultra-violet spectrun 
By removing the ether from the ethereal laver a solid was obta 1 which by 


from ethyl acetate rave U-04/ @ s-perchiorostilbene be ny lent ed Dy m.p., nixed m.p. and 


ultra-violet spectrum * The yields were 33-6 frans-isomer and 41-5 cis-isome! 


Nuclear chlorination of trans-x,2.3.4. 


A solution of 


100 ¢ 


anhydrous aluminiu chioride and 6 ml sulphuryl c de. The < C ed to 
10 ml and the refluxing cont ed for about 3 hr as above Ihe part ins ble in ether (0-118 g) 
was treated with warm carbon tetrac Noride and gave a re due (U-US89Y g) identifi is ns-perchloro- 
stilbene by m.p. (390°, sharply), mixed m.p. and ultra-violet spectrun The ¢ carbon 
tetrachloride was washed wit pet ether and left 0-023 ¢ more pure frans-perchlorostilbene 


Yield 


iffempted isomerization of cis-perchlorostilber under the nuclear chiorination conditions 


0-300 g cis-perchlorostilbene were treated with a mixture containir g 0-075 g anhydrous aluminium 


chloride, 0-150 g sulphur monochloride and 21 ml! sulphurvl chloride under the usual conditions, 
reducing the volume to 2 ml and refluxing during 3 hr. The resultins ass was treated with water 
solid sodium bicarbonate and acidified with conc hydrochloric acid The solid residue was filtered 


off and dried (0-285 g). It melted at 230-0—231-5° and it was identified as pure starting material by 


mixed m.p. and ultra-violet spectrum. It was soluble in cold ethyl ether leaving no residue 


Trans-perchlorostilbene under nuclear chlorination conditions 


A solution of 0-050 g sulphur monochloride in 4 ml sulphuryl chloride was added gradually 


to a gently boiling solution of 0-116 ¢ trans-perchlorostilbene, 0-025 g anhydrous aluminium chloride 


and 3 ml sulphuryl chloride. It was then concentrated to 1-2 ml and the refluxing continued for 


2 hr 40 min more. The resulting mass was treated as usual and gave a solid residue (0-114 ¢) which 
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was treated during } hr with boiling ether The insoluble part (0 105 g) was identified by m.p. and 
mixed m.p. as starting material. From the ethereal extract by elimination of the solvent a residue 
(0-009 g) was obtained. This was dissolved in carbon tetrachloride and passed through a very small 
amount of activated alumina, and the resulting solution evaporated to dryness. The residue was 
treated with a very small amount of hot pet ether leaving after standing 0 005 g more trans-perchloro- 


stilbene melting sharply at 390 The remaining 0-002 g was a mixture melting poorly containing 


presumably some trans-perchlorostilbene The ultra-violet spectra confirmed his assumption, 


giving no indication ol the cis-isomer being present 
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Abstract—Absorption spectra in the region 220-400 my: have been determined for alkyl- and phenyl- 


substituted pyrylium salts. Three bands are apparent, in the decreasing order of wavelength, x, y, 
and x’ bands. These bands are differently influenced by substitution in « and 3 positions. Relation- 
ships of these bands with transitions in other aromatic compounds are established, and the effect of 


heteroatom variation in the series III-VI on the spectrum is discussed 


From the following series of six-membered monocyclic monoheteroaromatic systems, 
compounds II-VI are known (as well as the thiapyrylium cation VII, related to V1). 
The pyrylium cation VI contains a heteroatom O~ with the greatest electronegativity 
in the series I-VI‘ and therefore, although it is much more stable than an ordinary 
oxonium cation (because of the aromatic conjugation), it is much more reactive than 
the other aromatic systems and it can easily be converted into them.? 


il, IV, V or Vil 


N 


[he electronic absorption spectra of the pyrylium cation or its derivatives with 
simple alkyl or phenyl substituents have been determined only in two isolated cases. 
The ultra-violet absorption spectrum of 2,4,6-trimethylpyrylium perchlorate* in 
ethanol solution has been determined in connection with the problem of pyrone 
mesomerism.* More systematically, the visible and ultra-violet absorption spectra of 


substituted pyrylium salts have been determined by Wizinger er a/.; they have 


described the spectrum of 2,4,6-triphenylpyrylium perchlorate in acetic acid*~* and 


of many other pyrylium salts with auxochromes, in a comprehensive study of the 


* It had been qualitatively reported in H,SO, by A. Hantzsch, Ber. Disch. Chem. Ges. 52, 1535 (1919) 
T. Balaban. Studii Cerc. Chim. 7, 257 (1959) 
Balaban and C. D. Nenitzescu, Liehigs Ann. 625, 74 (1959) 
Gibbs. J. R. Johnson and E. ¢ Hughes. J imer. Chem. Soc. 52, 4895 (1930) 
Wizinger and K. Wagner, Helv. Chim. Acta 34, 2290 (1951) 
Wizinger, A. Griine and E. Jacobi, Helv. Chim. Acta 39, 1 (1956) 
Wizinger, S. Losinger and P. Ulrich, Helv. Chim. Acta 39, 5 (1956). 
Wizinger and P. Ulrich, Hele. Chim. Acta 39, 207 (1956) 
Wizinger and P. Ulrich, Helv. Chim. Acta 39, 217 (1956) 
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influence of auxochromes on the spectra of cations V, VI and VII and the respective 
cyanines (but limiting themselves to the band with longer wavelength and not giving 


extinction coefficients) 

The electronic absorption spectra of simple substituted, auxochrome-free pyrylium 
salts (which should reflect the electronic correlations in the series I-VI) have not yet 
been systematically investigated. Such studies exist in the benzopyrylium series” and 
in other polycyclic pyrylium compounds 1e present paper is to fill 
this gap, and furnish the basis for a comparative discussion of the systems I-VI 
All but one pyrylium salt studied in the present paper have been obtained by a new 
simple syntl 

1] insu tuted pyrviium cation is very unstab itm be isolated only at 
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1. The effect of the solvent has been studied for 2,4,6-trimethylpyrylium perchlorate 
(Table 1). The absorption maxima in water, ethanol, acetic acid and aqueous 0-05 N 
perchloric acid appear at nearly equal wavelengths, but in the first two cases (1.1 and 
1.2) the extinction coefficients are smaller, and prolonged irradiation or conservation 
is reducing and shifting these maxima. 

This may be explained by admitting partial solvolysis leading to tautomeric 


pscudobases X" or to ethers XI 


In acid solution, the formation of such compounds X or XI which polymerize or 
decompose on irradiation or conservation, is prevented by shifting the equilibrium 
towards the pyrylium cation IX 

The work was therefore continued only with solutions in aqueous 0-05 N perchloric 
acid (for pyrylium salts containing 0 or one phenyl group) or in acetic acid (for 
pyrylium salts containing two or more phenyl groups, which are sparingly soluble in 


water). These solutions are stable to irradiation giving reproducible results. The 


lower limit of the spectrum is 220 mu for solutions in aqueous perchloric acid and 
235 mu for solutions in acetic acid 


2. The spectra of pyrylium salts with alkyl groups in 2.4 and 6 positions contain two 


bands with maxima at 230-235 mu (designated y band) and at 285-290 mu (x hand): 
the effect of the alkyl groups is rather small, as shown in Table 2 

Though the variations are small, they are greater than experimental errors, so 
that some general conclusions may be reached 

In Fig. 1, Amax and émax of alkyl-substituted pyrylium perchlorates have been 
related to the number of carbon atoms in their formulae (Table 2). Each point in 
Fig. | is numbered in accordance with Table 2. The effects of substitutents upon 
wavelength and absorption intensity have been separately represented for the x and 
y bands. The following general trends may be observed 

(a) The increase of the alkyl group in «-position in the order Me — Et — iPr— 
tBu corresponding to the increase of the number of carbon atoms, of the volume, and 
of the electron-repelling inductive effect (2.1, 2.3, 2.5, 2.6 and 2.7), has a small effect 
on the y band (Amax and @max have a very slight increase), but has a sensible influence 
on the x band (Amax increases little and emax increases appreciably). These variations 


are indicated by the full lines in Fig. 1. 


% J. A. Berson, J. Amer. Chem Soc. 74, 358 (1952) 
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(6b) The increase of the alkyl group in y-position in the order Me—> Et — iPr 
(2.1, 2.2 and 2-4) has the opposite effect; a pronounced effect on the y band (Amax 
and &max increase sensibly) and a negligible effect on the x band (Amax is not affected, 
and émax first increases, then decreases). These variations are indicated by the broken 
lines in Fig. I. 


The variation kyl substituents in the order Me— Et—»>iPr—tBu has a 
bathochromic a lyperchromic effect on the y band when the substituent is in 
-position (broken lines are above full lines in Fig. | for the y band) and on the x 
band when the substituent is in z-position (full lines above broken lines in Fig. | for 


the x band) 
Taste 3 2 AND Fi RK ED OF SOLUTIONS OF PHENYL-SUBSTITUTED PYRYLIUM 


Number of 


no 


violet, very slight 


riess violet, slight 


pale vellow strong 


vellow blue—green 


+ 


pale yellow vreen 


3. The effect of phenyl groups on the absorption spectra of pyrylium cations is 


much more pronounced than the effect of alkyl groups. This may be seen by the 


colour and fluorescence of the solutions (shown qualitatiy ely in Table 3). 
The absorption maxima are indicated in Table 4. 
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In order to study systematically the effect of phenyl groups, absorption spectra 
have been determined for all six possible compounds having methyl and/or phenyl 
groups in the 2,4 and 6 positions (4.1, 4.2, 4.3, 4.4, 4.5 and 4.7) and for compounds 
containing a phenyl group in / position (4.6 and 4.8). For comparison purposes, 
the spectrum of 2,4,6-trimethylpyrylium perchlorate has been included also in Table 4 
(1.42.1 4.1). 

To observe the effect of phenyl groups, Fig. 2 represents the data from Table 4. 


Che following general remarks may be made 

(a) Phenyl groups cause batho- and hyper-chromic effects which are much 
larger than those due to alkyl groups: while the latter are less than 10 mu (for Amax) 
and 30 per cent (for émax), the former are about 100 mw and 300 percent. This is 
easy to explain, taking into account that aryl groups may stabilize more effectively, 
through electronic effects, the positive charges in « and y positions (VIII, R Ar) 
than alkyl groups through their inductive effects. It must be emphasized that these 
large influences of the phenyl groups on the spectrum of the pyrylium nucleus arise 
only from phenyl-pyrylium, and not from phenyl-phenyl interactions, since the 


phenyl groups in the 2,4 and 6 positions are mutually in meta position, and it is 


established" that in the m-polyphenyl series, only &max and not Amax is increasing 


Gillam and D. H. Hey, J. Chem. Soc. 1170 (1930); A. E. Gillam and E. S. Stern, An Introduction 
{bsorption Spectroscopy in Organic Chemistry. Arnold, London (1954); J. N. Murrell and 
Longuet-Higgins, J. Chem 2552 (1955) 
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with the number of phenyl groups. The sole cases when an interaction between two 
phenyl groups Is plausible are those with two phenyl groups in o/ tho to one another 
(4.6 and 4.8), when both electronic and steric effects are probably involved (these 
cases have therefore been separately represented by broken lines in Fig. 2). 

(hb) Because of the different orders of magnitude alkyl effects may be neglected 
as a first approximation relative to phenyl effects. 

(c) Phenyl groups in « positions (4.1. 4.2 and 4.5) have a bathochromic effect 
which ts greater for the x band than for the y band, just as in the case of alkyl groups 
(full lines in Fig. 2). 

(d) Phenyl groups in y positions (4.1. 4.3. 4.4 and 4.7) have a batho- and hyper- 
chromic effect which is greater for the y band than for the x band, just as in the case 
of alkyl groups (broken lines in Fig. 2) 

(e) The introduction of a phenyl group in / position besides a y-phenyl group 
(4.6 and 4.8) has a smaller effect than the two preceding ones, and the x and y bands 
behave similarly. 

(f) When there are one or two phenyl groups in «-position, a third band appears 
in the experimentally accessible spectral region (designated x’ band in Table 4). It is 
influenced by phenyl groups similarly to the x band, but no conclusions can be 
drawn until the Amax and &max Will be known for this x band in the whole series 

(7) While in the alkyl-substituted series the 4 band presented an absorption 
coefficient &max 2-3 times greater than the vy band, in the phenyl-substituted series, 
especially when a y-phenyl is present, max values become comparable for the x and } 
bands and for the last two compounds in Table 4(4.7 and 4.8) the absorption intensity 
is greater for the y band than for the x band. This is to be expected in view of the 
different effects of phenyl groups on the x and y bands. These different effects are 
responsible for the appearance of the vy band for 4.3 as a shoulder (inflexion) on the 
ascending branch of the absorption curve 

(h) The only exception to the rule that phenyl groups cause bathochromic and 


hyperchromic effects, is the hypochromic effect observed for the x band when the 


substituent is in y-position. The same exception may be observed in the alkyl- 
substituted series (Figs. | and 2, . for the x band, broken lines) 

The qualitative conclusions are similar to those from the case of alkyl derivatives 
increasing the number of phenyl groups generally causes a batho- and hyper-chromic 
effect, but this is more pronounced for the y band when the » position is involved 
(broken lines are above full lines for the y band in Fig. 2) and for the x band when 
z-positions are involved (full lines above broken lines for the x band in Fig. 2). Phenyl 
groups in / exert a smaller influence 

The data published by Wizinger and Ulrich’ relative to 2,4,6-triphenyl-substituted 
pyrylium perchlorates with NMe, and/or OMe auxochromic groups in the para 
positions of the phenyl groups bear out these conclusions, though the comparison 
can be made only for Amax of the x band 

The data reproduced in Table 5 refer to acetic acid solution. 

In Fig. 3 the wavelengths have been represented as function of the number of 
auxochromic groups in the same way as in Figs. | and 2, using Wizinger and Ulrich’s 
data. Each point in Fig 3 is numbered as in Table 5 

It may be observed that again increasing the number of auxochromic groups leads 


to bathochromic shifts which are greater w hen a-positions are involved (full lines 


a4 
a 
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are above broken lines in Fig. 3). A hypsochromic effect is evident for the compound 
with three NMe, groups (see above under h). It is apparent that p-methoxyphenyl, 


Fic. 3. Effect of auxochromic groups. In abscissa, the number of auxochromic groups 


% positions position. 


TABLE 5. ABSORPTION SPECTRA OF 2,4,6-TRIPHENYLPYRYLIUM PERCHLORATES WITH AUXOCHROMES 
IN Para-POSITIONS AFTER WIZINGER AND ULRICH’ 


Substituents in para-positions ot 


Notation in y band x band 


the pheny! groups 
Wizinger and 


Ulrich’s paper . 
/max (mys) max (mj) 


; 
59 * bond 
600} 
/ 
/ 
| 
§4 
OMe 
6 
“4 
2 
400 + 
No. 
5.1 Ic H H H 360 ca. 408 
§.2 Ile H OMe H 418 
5.3 H H OMe 454 
5.4 Vc OMe H OMe 478 
5.5 Ve OMe OMe OMe 420 ca. 460 
7 5.6 Vic H OMe OMe 416 ca. 450 
$.7 Vile H NMe H 540 
5.8 Ville H H NMe 563 
5.9 IXc NMe, H NMe, 615 
a 5.10 Xe NMe, NMe, NMe, $33 ca. 570 
5.11 H NMe, NMe, 578 
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and even more p-dimethylaminophenyl, groups may stabilize more effectively positive 


charges than do phenyl groups 
D sussion 
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into the accesible ultra-violet region only in a few pyrylium salts is related to the 


'A,,—Eyu 7-7* singlet transition in the benzene spectrum (Platt symbol: 18; Clar 


symbol } band: Moffitt symbol ¥, Y). This x band is expected to be followed 


by another band at shorter wavelengths. which should be called band: then the 


x band should correspond to the 'B, or # band, and the y’ band to the band 
in the spectrum of aromatic compounds 


This assignm ‘ads ti 1¢ prediction that the x and x’ bands must be polarized 


in the rough the heteroatom, while the ) 
(and the predicted polarized in the y direction, having a nodal 
line between the atoms 

(The notations x, a emphasize the relationship 


with other bidimensional! mol vith mobile z-electrons*') 
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|,2,4,6-tetramethylpyridinium perchlorate in 0-05 N HCIO, (10 * molar solution). 


The results are summarized in Table 6. 

It is apparent that with increasing clectronegativity of the heteroatom in the 
sequence mesitylene > collidine —> N-methyl-collidinium > trimethylpyrylium both 
the x and y bands are shifted towards longer wavelengths, that ¢ decreases for the 5 


band and strongly increases for the x band. and that the last two compounds are 


completely devoid of vibrational structure 


EXPERIMENTAI 


A C04 spectrophotometer was employed. All pyrylium compounds mentioned were prepared as 
described? with the exception of 2,4-diphenyl-6-methyipyrytium perchlorate (4-4) which was 
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2-ARYL-4-METHYL-4-CHLOROCARBONYL- 
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V. RosnaTi and D. Misit1 
Istituto Superiore di Sanita, Roma, Italia 
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Abstract—2-Ary|-4-methy!-4-chlorocarbonyl-oxymethyl-2-oxazolines have been shown to exhibit a 


particular reactivity towards nucle philic reagents his reactivity is to be attributed to the presence 


function. Reaction of the above 2-oxazolines with ammonia (or di- 


of the chlorocarbonic ester 


methylamine) results in ring opening, with the formation of benzamide (or N,N-dimethyl-benzamide) 


din-2-one (or 4-methy!-4-N, N-dimethylaminomethyl-oxazolidin- 


and 
2-one). The presence of the chlorocarbonic ester function also affects the position of the C N band 


in the infra-red spectrum of these 2-oxazoline derivatives; this band is shifted approximately 40 cm 


towards lower wavelengths in comparison with the absorption band of structurally related compounds 


which do not possess the chlorocarbonic ester group. A possible reaction mechanism is proposed 


together with a correlation of the chemical and spectroscopical findings. 


2-AryYL-4-methyl-4-chlorocarbonyl-oxymethyl-2-oxazolines (1) are stable, crystalline 
compounds. The presence of a chlorocarbonate group, however, confers on these 


oxazoline a rather remarkable chemical reactivity. 
As previously reported, these chlorocarbonates on heating with water undergo a 


complex reaction, giving the corresponding 4-methyl-4-aroyl-oxymethyl-oxazolidin- 


2-one (II). 
While in the above reaction no fragmentation occurs except for the splitting of 
one mole of hydrogen chloride, the action of cold aqueous ammonia or dimethylamine 


results in the degradation of the oxazoline ring, benzamide or N,N-dimethyl-benza- 


mide having been obtained quantitatively. 
Under anhydrous conditions, carbamates ( 111) are obtained if the chlorocarbonates 


(1) react for long time at room temperature with a small excess of ammonia.” How- 


ever, even under these mild conditions, a partial attack on the oxazoline ring occurs. 
In the case of the 2-p-chlorophenyl-4-methyl-4-chlorocarbonyl-oxymethyl-2-oxazoline 
(Ib), careful chromatographic separation showed that p-chlorobenzamide is present 
in small quantities, together with the corresponding carbamate (IIIb) and about 50 


per cent of the unreacted starting material. 
The course of the reaction, and consequently, the yield of the different carbamates, 


seem to depend on ammonia concentration and reaction time, rather than on tempera- 


ture. 

The relative stability of these chlorocarbonates towards nucleophilic reagents 
seems also to depend on the substituents in the benzene ring. When compound Ib 
reacts with excess ammonia under anhydrous conditions, the corresponding carba- 
mate (IIIb) is formed in 50 per cent yield. On the contrary, chlorocarbonate (Ic) 


1V. Rosnati and D. Misiti, Gazz. Chim. Jtal. 90, 162 (1960). 
2 V. Rosnati and D. Misiti, Gazz. Chim. Ital. 90, 171 (1960) 
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under similar conditions vields no carbamate but instead 3,4,5-trimethoxy-benzamide 


is obtained quantitatively 
As the formation of benzamide or substituted benzamides accounts for only a 


part of the total chlorocarbonate. a careful study resulted in the isolation of other 


products and led to a theory of a possible reaction mechanism 
The chlorocarbonates la. Ib. Ic when treated with a large excess of ammonia tn 


undergo complete degradation of the oxazoline ring, yielding in 


anhydrous dioxane 
1ew compound C.H,CINO, 


all cases benzamide (or substituted benzamides) and a 1 


The latter compound is neutral with the chlorine easily removable by treatment 
with alkaline carbonates i-red spectrum shows a strong band at 1764 cm”! 


(suggesting the presence of a carbonyl! group in a five-membered lactone ring) and a 
ot 


weak band at 3484 cm~', in the region of the N—H absorption. On the basis of 
chemical and spectroscopical data, compound C,H,CINO, was identified as 4-methyl- 
4-chloromethvl-oxazolidin-2-one (V), not yet described in the literature 


The assignment of structure V to compound C;H,CINO, was confirmed by its 


synthesis through chlorination of known 4-methyl-4-hydroxy-methyl-oxazolidin-2-one 


with thionyl chloride 

In the case of chlorocarbonate Ib, in addition to compound C;H,CINO,, another 
product of empirical formula C,,H,;Cl,NO, was isolated, but in very small amount. 
This compound is neutral with the chlorine atoms unaffected by alkaline treatment. 
Its infra-red spectrum shows a strong band at 1733 cm™ 
function. and another strong band at 1653 cm™', which is attributed to the C=-N 


indicative of an aryl ester 


stretching vibration of a 2-oxazoline ring. On this basis compound C,,H,;Cl,NO, 
was identified as 2-p-chlorophenyl-4-methyl-4-p-chlorobenzoyl-oxymethyl-2-oxazoline 


4 
= 
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HN 
ae + HCl 
R H,OCOCL CH.OCONH R 
CONH 
R 
H 5 
+ CH, + 
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(Vib). Final confirmation was obtained by esterification of 2-p-chlorophenyl-4- 
methyl-4-hydroxymethyl-2-oxazoline to VIb. 

The nucleophilic attack on these oxazoline chlorocarbonates was also carried 
with dimethylamine to determine whether the nitrogen atom in compound V was the 
one originally incorporated in the oxazoline ring or whether it came from the ammonia. 
From the reaction of 2-p-chlorophenyl-4-methyl-4-chlorocarbonyl-oxymethyl-2- 
oxazoline (Ib) and dimethylamine, p-chloro-N,N-dimethyl-benzamide was isolated 
together with a new compound C;H,,N,O., which, on the basis of spectroscopical 
data, was identified as a derivative of compound V, namely 4-methyl-4-N, N-dimethyl- 
aminomethyl-oxazolidin-2-one (VII). This same compound VII was obtained directly 
by reaction of dimethylamine with the intermediate V. 

Ihe importance of the chlorocarbonic group in determining the oxazoline ring 
opening is fully illustrated by the fact that 2-p-chloromethyl-phenyl-2-oxazoline is 
converted, by excess diethylamine at 100°, to 2-p-diethylaminomethyl-phenyl-2- 
oxazoline, the oxazoline ring remaining intact.” 

The following scheme summarizes the above findings and the proposed reaction 


mechanism: 


According to this scheme, the first step of the reaction between chlorocarbonate 
(1) and ammonia (or dimethylamine) can be visualized as an addition of the nucleo- 
philic reagent to the carbon-—nitrogen double bond of the oxazoline ring. The nucleo- 
philic attack should be initiated by an anion R,N attack on carbon atom in position 
2 of the ring, where an electron deficiency exists, owing to the proximity of a benzene 
ring, and two atoms possessing high electron affinity 

The postulated intermediate A, by means of the indicated electron shifts, clearly 
accounts for the formation of benzamide, or substituted benzamides 

The zwitterion B could also be formed, and, through a concerted mechanism 
involving migration of the chlorine atom and formation of a new carbon—nitrogen 
bond, compound V could be formed. 

The infra-red absorption spectra offer a rational interpretation of the chemical 
reactivity of these 2-oxazoline chlorocarbonates. Thus, oxazoline derivatives of 
type VIII, which are stable towards nucleophilic reagents, regularly show the C—N 
absorption bond between 1653 and 1647 cm ' depending on the substituents on the 


3M. T. Leffler and R. Adams, J. Amer. Chem. Soc. 59, 2252 (1937) 
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These values are in good agreement with those reported in 


benzene ring (Fig. |) 


the literature.* 


Instead, chlorocarbonates (1) show in their infra-red spectra two strong bands in 
the carbonyl region: one Is constantly at 1795 cm lL and it is due to the C=O 
Spectroscop) Reinhold. New York 


Liddel and W. Van Zandt, /nfra-red 
Methuen, London (1956). 
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vibration of the chlorocarbonate moiety;® the other band, which is in the region 
between 1692 and 1686 cm~ depending on the substituents in the benzene ring, is 
attributed to the C==N stretching vibration of the oxazoline ring. Therefore chloro- 
carbonates (I), which are unstable towards nucleophilic reagents, show the absorption 
band of the C==N group at frequencies increased by approximately 40 cm~'. These facts 
may depend on the effect of the chlorocarbonic group on the carbon—nitrogen double 
bond in the ring: the relative spatial interaction of these two groups could account 
for both the chemical and spectroscopical properties of these chlorocarbonates. 
Formula 1X may well visualize the actual interaction of the two groups, the highly 
polarized carbon-chlorine bond being responsible of the induced polarization of the 


neighbouring C=N double bond. 


Vill 


R=H, CL; R'=H, COCH,,COC,H., COCgH,— pCL , CONH- 


According to this view, the polarization of the carbon—nitrogen double bond 
must be considered the driving force of the process which ultimately leads to the ring 
opening. 

At the same time, the increased polarization of the carbon—nitrogen double bond 
may well account, in these chlorocarbonates, for the observed shift of the C—N band 
towards shorter wavelengths. Structure IX could also explain the experimental 
finding that these chlorocarbonates do not give the corresponding hydrochlorides 
when treated with dry hydrochloric acid in anhydrous chloroform solution: in fact 
the nitrogen electron pair, which normally participates in the salt formation, is here 
partially screened off from the approaching proton. 

On the contrary, compound of type VIII, under similar conditions, give stable, 


6 


crystalline hydrochlorides.* 


EXPERIMENTAL* 


Reaction between 2-phenyl-4-me thyl-4-chlorocarbonyl-ox ymethyl-2-oxazoline (la) and ammonia 
Compound la (3-3 g) was heated tn a sealed tube for 24 hr at 80° with a saturated solution of anhydrous 


ammonia in dry dioxane (150 cc). After filtration and removal of solvent (red press) 


The latter after recrystallization from benzene, 


the residue was 


treated with cold, dry benzene, leaving a residue 
127-129°). Found: C, 69-59; H, 609; N, 11°66. C,H,NO requires: 


C, 69°40; H, 5°83; N, 11-56%) 


yielded 1-2 ¢ of crystals (m p 
This product was identified by mixed melting point and infra-red 


ementary micro-analyses were carried out by Dr. M. 


* Melting and boiling points are uncorrected. | 
Laboratory of the Istituto Superiore di Sanita, 


Marzadro and Dr. A. M. Pire he Micro-analysis 

Rome Infra-red absorption spectra were recorded lor all the substances described on a Perkin Elmer 
21 spectrophotometer 

literature, although no detailed information 

ilorocarbonates. H. M. Randall, R. G. 

f Organic Structures. Van Nostrand, New 


17% for ethyl chlorocarbonate. N. B. Colthup, J. Opr. Soc. 


This value is in good agreement with those reported in the 


infra 


is available concerning the 
Fowler, N. Fuson and J. R. Dang! 


York (1949) have given a value of 
Amer. 40, 397 (1950) quotes a range of 1790-1770 cm~' based on this unpublished work. 


*V Rosnati and D. Misiti, Ga Chim. Ital. 9, 155 (1960). 
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after removal of the solvent at reduced 


ire 5 cc) of benzene-—petrol 


diameter 


ther 


sper 


(Ib) and 
dry dsoxane 


the solvent 


he appearance of a strong band 
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spectrum as benzamudc The remaining benzene solution, 
‘ 
a ether 4 This s vas fractioned using an alumina column 11 cm high and 3c a = 
(20 Frac 4 inclusive cc each) were ed with a 1:1 benzene—petrol 
90 ch eb i-red spect peared to be a — 
— 
I casily separabdic ¢ ct or tractior istiiiation 
crys product (m.p p. 110-11 t mm) was 
89.9 Fo C. 40-33: H, $33: N, 955; Cl, 23-50 
CH,CINO, 9 36; ( ). These crysta ed no depression 
compl the re xed for 4 hv 
re cry \ 092°. (Found: C, 40-14 
4 he After re 
ott. 
99. C.HLCINO C. 40-14: H. 5.5 ( sm.p. 90-92 
were xt pr scribx bo h lra-red ur 
R 2 t-methyl-4 wart yi-oxyme!t ?-oxazoline 
i 
(100 cc) was heate ibe for 24 hr at 50-5 Alter ym and removal of : 
clio how wo stre n the region of the carbony! one at 
cm’, be but irbony clic urethane (V) and the other at 1733 
(s)< ugs ’ este Further ev ce of a 
at 1655 (s) cn clearly dicates the presence of an oxazo ring 
4 


2-Aryl-4-methyl-4-chlorocarbonyl-oxymethyl-2-oxazolines 18] 
(red press), the residue was dissolved in benzene—petrol ethe (30 cc) and the solution chromato- 
graphed over alumina (120 
ether 1:1) gave ar iy materi T ohdihed upon st ling f ide 
alter 


+) 


( H NO req 


gradually degra nuc tt 


must be due t } NH absorptior 


chloroform solution a strong absorption 


: 
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by treatment with a mixture of benzene 


the solvent and unreacted ammonia left a residue which 
172-174"). Crystallization from benzene 


absolute ether 5:1, gave a solid material (0-25 ¢g m.p : 
( 56-66 H. 6 67. ¢ Hi NO, requires C. 56°86: 


yielded crystals m.p 176-178. (Found 


H. 6-20: N. 663°). This substance was identified by mixed m.p. and infra-red spectrum as 3, 4, 5- 
trimethoxybenzamide. The remainu nzene-ether solution after removal of the solvents gave an 
oily residue which after long stand solidified compictely By repeated crystallizations from 
benzene-hexane, crystals of V were obtained m.p. 89-9! 
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Abstract—The most stable conformation of the molecule has a minimum of potential energy that 


arises due to the competition between the tendency of the valency angles to take ideal values and that 


of non-bonded atoms to be situated at an equilibrium distance. The equilibrium distance is equal to 


the sum of intermolecular radii determined by measuring the distances between atoms of adjacent 


molecules in the crystal. This idea is suggested as underlying a method of computation that enables 


to solve two problems. Firstly, the structure of the molecule being known, it becomes possible to 


ascertain the points of the interaction curve of the non-bonded atoms and secondly, with the inter- 


action curve known, one can calculate the optimal configuration of the molecule 


To illustrate the suggested theory the conformation of molecules of some cyclic hydrocarbons has 


been calculated. It is to be stressed that the investigation of the conformation of strained molecules 


affords the main means of studying the interaction of non-bonded atoms 


INTRODUCTION 


THE theoretical calculation of geometrical parameters and the energy of conformation 
of molecules is of great interest. To this end it is necessary to possess information 


concerning some characteristic constants and functions that, in turn, can be derived 


by analyzing geometrical parameters and the energy of molecules whose structure 


has been determined. 

This work aims at demonstrating the possibility of determining the interaction 
energy of non-bonded atoms by the molecular structural analysis. The empirical 
information thus obtained permits us the evalutation of the optimal conformation of 


molecules with unknown structure. 
The following general considerations are underlying the suggested method of 


calculation. In the process of temperature vibrations the atoms of the molecule 


undergo complex movements without breaking the bonds. Thus there is a continuous 


series of conformations possible for a molecule. Various conformations differ in 


energy and therefore possess different probability. 

The variation of conformation results, generally speaking, in the change of all 
its geometrical parameters such as the length of the bonds (or the equilibrium dis- 
tances between the bonded atoms), the valence angles and the distances between the 


non-bonded atoms. 
This investigation is based on the assumption of the addivity of the molecular 


energy, that is the overall energy can be separated into three additives responsible 
for the energy of the bonds, of the angles and of the non-bonded atoms. The issue 
is strongly facilitated by the fact that the chemical structure pre-determines the length 
of the bonds to as high a precision as 0-01-0-02 A. The changes in conformation 


* Translated by A. L. Pumpiansky, Moscow. 
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(e.g. the change of “boat » chair’ cyclohexane conformation) does not lead to 
noticeable stretching of the bond length. This conclusion has been derived from 
structural investigations that show little difference in the bond length in highly 
strained structures and that of non-strained molecules (though bond stretching 
caused by the interaction of non-bonded angles up to 0-01 A seems to be a real effect) 

Thus, for example, the C—C bond lengths in cyclobutane and normal alkanes 
differ by about 0-02 A 

There is no difficulty in showing that in the mechanical system of points linked 


by springs of different rigidity the deformation energies are in an inverse ratio to 


the forces constants. The rigidity of the bond is markedly higher than that of the 


angle or that of the interaction between the non-bonded atoms 
Anv change of configuration is therefore connected with the change of both the 
valence angles and distances between the non-bonded atoms. Let the conformation 


strain energy be the sum of two additives 
l (p 


where the energy V is connected with the value of the valent angles and energy (Pp 
with the distance between the non-bonded angles 

The optimum configuration ts that with the minimum value. Therefore it ts of 
importance to determine the geometrical parameters that lead to the minimum 


U value 


The energy of the ang le 

An ideal valence angle can be said to be such an angle that could exist in the 
absence of interaction between non-bonded atoms (as well as, of course, in the 
absence of bonds imposed by the added atoms) With sp* bonds such an angle 1s 
known to be the tetrahedrical angle at 109 28’, with pure p bonds the angle at 90°, 
etc. The deviation of the angle from its ideal value leads to a decrease of the orbital 
over-lapping and corresponding energy increase For the deviations « from the ideal 
value which we met in practice the angle energy can be written down within the precision 


of the constant additive as }Cz? with C being the coefficient that can be, in principle, 


calculated by resorting to quantum chemistry 

lhis not being practically the case we shall consider the coefficient C as an 
empirical coefficient and, in addition. as a constant value for the atom that is in the 
apex of the angle and not depending on the type of the bonded atoms. We shall 
refer of coefficient C as the ideal angle force constant Its relation to the force 
constant of the angle &, deduced from the analysis of the molecular vibration will 
be discussed below 

The energy connected with the value of angles is | S1iCz*?, the summation 


embracing all valence angles. 


The interaction between the non-bonded angles 
Investigating different problems due to steric interaction a number of authors 
attempted to formulate the interaction energy-distance ratio. The first attempt 


dealing with the interaction between hydrogen atoms seems to be due to Eyring* 


4. Coulson, lalence Oxford (1953) 
Evring. J. Amer. Chem. Soc. 54, 3191 (1932) 
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who evaluated the repulsion energy as Oyy bTyy, with Q and T being the 
Coulomb and exchange integrals and the attraction energy taken from the well 
known work by London as A/r®. The recent calculations of this type are those by 
Hirschfelder and Linnett® that have been used by Mason and Kreevoy* as well as 
by Adrian.® 

The calculations used in the works cited above cannot be regarded as correct as 
they lead to the minimum interaction energy lying at the value 4-5 A. It is at the 
same time a well established fact that the equilibrium distance for two non-bonded 
hydrogen atoms is 2°35 A. Within the limits of precision not less than 0-1 A this 
distance is realized for hydrogen atoms in molecules possessing quite different pro- 
perties. There is no reason to believe that this figure, deduced from the analysis of 
inter-molecular contacts in the crystal, may be substantially different for hydrogen 
atoms of the same molecule.* The constancy of intermolecular radii, their negligible 
dependance on the dipole moments and chemical properties® gives us a definite 
knowledge of an important point on the interaction curve of the non-bonded atoms, 
namely that of the co-ordinate of its minimum. The theoretical methods available 
do not result in the necessary value of the curve minimum, this being due to the 
imperfection of calculations 

The main thesis of our work is the assertion that: the non-bonded atoms of the 
molecule at a distance greater than the sum of their intermolecular radii are onl) 
negligibly attracted to each other, those at a distance smaller than that sum being 
repelled from each other to a considerable extent. 

This fact, though not clearly formulated, is taken into account in the works of 
Dostrovsky ef a/.,’ as well as Westheimer and Mayer® who chose their interaction 
curves so that their minimum would correspond to the sum of the intermolecular 
radu. This adjustment is effected by varying the coefficients in the formulae such as 
(a/r™) (b/r") or Ae (b/r"). 

In this work we decided not to make use of any analytical expressions. It must 
however be stressed that the interaction curve of the non-bonded atoms must not 
be calculated but found experimentally (see below). It is thereby neither necessary 
nor possible to take the physical factors, affecting the interaction, separately. The 
same considerations apply to the electro-static field that, by the way, is of little effect 
on the changes in energy owing to the electric potential being slow, as indicated in 
the work cited above. 

[he interaction curve is steeply rising over the range of repulsion and extremely 
gently sloping over that of attraction (the minimum of the interaction curve, as 
judged by the heat of sublimation per the pair of interacting atoms, is as small as 
tens of parts of kcal/mole). Therefore, in most conformation problems attraction 


can be easily dispensed with, and the interaction energy of non-bonded atoms can 


rhere is no doubt about the dependence of the atom radius on the direction of the radius depending 

on the direction of the bond. T dependence is however t yet sufficiently investigated and therefore 
not taken into consideration though it could have been easily allowed for in the approach under study 

One must also bear in mind the influence of the crystal field on the atom interaction curve. Therefore the 
ulibrium distances of non-bonded atoms can be said to be different, depending on the aggregate state 


J. O. Hirschfelder and J. W. Linnett, J. Chem. Phys. 18, 130 (1950) 
* —E. A. Mason and M. M. Kreevoy, /. Amer. Chem. Soc. 77, 5808 (1955) 
Fr. J. Adrian, J. Chem. Ph 28. 608 (1958) 
A. 1. Kitaygorodsky, Organic Crystal Chemistry. Moscow (1955), London I ngl. transl. Infosearch (1960) 
1. Dostrovsky, E. D. Hughes and C. K. Ingold, J. Chem. Soc. 173 (1946) 
* F. H. Westheimer and J. E. Mayer, J. Chem. Phys. 14, 733 (1946) 
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be accounted for as ® = Lf(Ar/r,) extending the summation to all pairs of atoms 
at a distance less by Ar than the equilibrium distance ry. It is more convenient to 
write the interaction energy of a pair of atoms as the function of the relative decrease 


Ar/r, of the distance between them. 


The conditions for the optimum conformation 

The conformation of a molecule is characterised by a definite number of indepen- 
dent parameters ¢,, that can be expressed in terms of some valence angles, or the 
distances between the non-bonded atoms, or other geometrical parameters. When 
the molecule consists of n atoms linked by m bonds the number of parameters is 
3n-6-m. The symmetry of the molecule decreases the extent of freedom. To arrive 
at the optimum conformation it is necessary to differentiate the energy expression 


ro 


by all independent parameters : 
Equations 


Ar\ &Ar) 


allow to arrive at the value /’/C for definite values of arguments provided the structural 
values of the molecule in question are available. On the other hand, the curve f’/C 
being known, one can determine the optimum conformation of the molecule.? We 


shall refer to the value 4 = f'/C as the relative force of the interaction of atoms. 


The shape of the relative force curve 


The constant C must depend on the central atom whilst 7 Ar/r,) characterizes 
the interaction of definite atoms. To solve our problem it is therefore necessary to 
acquire structural information about a rather great number of molecules of the same 
atoms but with different valence angles and spacing of the non-bonded atoms. 
Unfortunately at present this information is scarce 

To demonstrate the possibility of the suggested approach to the conformational 
problem we have, however, attempted to calculate a number of conformations. 
The curve 7 that we have decided to make use of is shown in Fig. |, the points 
obtained by calculating 7 for simple molecules. It will be seen that the points referring 
to the interaction between carbon and hydrogen atoms bound to different atoms are 
situated on the same curve. It is of interest, that the energy interaction curve for 
carbon and bromine atoms, as reported by Dostrovsky er a/.’ and recalculated in 
terms of the values of the relative force 7 is rather similar to our mean curve. 

Whether this coincidence is occasional, how great are the changes of the curve 
f’ for different atoms and coefficients C for central atoms can be shown only by 
further practical investigations of the molecular structure. It is however at present 
safe to say that the interaction curve for the halogen atoms is markedly steeper. 


Calculation of conformations 
In the table the conformational calculations for a number of hydrocarbons 
are given. It is quite possible that in the future the shape of the curve 7 we have 


* A. I. Kitaygorodsky, Dokl. Akad. Nauk SSSR 124, 1267 (1959) 
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used will have to be substantially changed. This will, however, not seem to affect 
the general character of the calculated distortions. 

From the data obtained it is above all to be noted that the tetrahedral angles in 
normal alkanes and cyclohexane are increasing up to about 111-5°; and that the HCH 
angle in cycloalkanes is steadily decreasing (Fig. 2). 

In addition to these simple systems three bridge structures have been calculated, 
only for one of which experimental data were available (1 ig. 3). 


Fic. 1. Relative force of interaction of non-bonded atoms. 


In Fig. 4 are listed data for acenaphtene, the calculation having been made for 


the values of the ideal angles (120°) and the tetrahedral value of the angle at atom 7 


he calculations were compared with experimental data recorded by Ehrlich" (two 
mean values obtained from two independent measurements) 

To exemplify the numerical calculation method let us take the simplest case of 
the conformation of the methylene group 

Let us denote “ CCC as a, “ HCH as ff, and / HCC as y with « and # being 
independent parameters. If their value deviate by Ax and Af from the ideal value 
(109° 30’); then from the correlation cos y cos («/2). cos (8/2) it follows with 
reasonable precision that A; I( Ax Af). The interatomic distances are 
represented by expanding trigonometrical functions about the ideal value of the 
angle. 
Hence 

2-50 +- O-B8 Ax, ‘7 0-62Af 

and 


ron 0-18( Ax Af). 


rhe relative contractions are found by applying intermolecular radii R, 1-8 
and Ry 1-2 A. 


1° H. W. W. Ehrlich, Acta Cryst. 10, 699 (1957) 
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Thus, the expression for the strain energy of the methylene group can be represented 
as 


l + (Ap? + Aa + f(0-306 — 0-245Ax) 


{(0-267 — 0-26A/) + 4f(0-283 0-06( Ax Ap)) 


Differentiating by Ax and Af, equating the value of derivatives to zero and expanding 


i( Ar/rg) into the Taylor's series neglecting the second and higher powers of increments 


Experiment 


(values 7 and » being taken from the above curve). one obtains two equations with 
two unknown quantities 


Aa + + Af) — 0-245(0-75 — 5-2 0-24[0-43 + 0-64( Az 
AA 0-26(0-285 0-24[0-43 0-64( Ax \p) 


whose solution leads to Ax 0-033 and Ap 0-025. That is, the equilibrium 
values of the angles are 111-5° for CCC and 108° for HCH 
[he same approach is applied to solve other cases, more complicated ones 


necessitating more than two equations 


Deviations from coplanarity in aromatic systems 


At present there are well known instances of marked deviations from coplanarity 
in aromatic systems [e.g. see ref. (11)] 

There is no need to exemplify this phenomenon by complex aromatic systems 
for non-planarity in aromatic nuclei appears to occur in all benzene derivatives 
Indeed, the spacings of all substituents in the benzene ring are smaller than the sum 
of intermolecular radii. This results in repulsion that leads not only to the sub- 


stituents being eliminated from the plane of the nucleus but also “dragging” carbon 


"BE. Harnik, F. H. Herbstein and G. Schmidt, J. Chem. Soc. 3288 (1954) 
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atoms with them and thereby making the benzene ring devoid of planarity. Con- 
formational studies show that for the “triangular edge” of the benzene ring to be 


bent no great effort ts required, Fig § shows the conformation in the di-p-xylelene 


molecule. The above formulas were used to calculate the derivatives by independent 


parameters, in that case the deviations from the ideal angles Ax, Axy, and A/,. 
The fourth parameter was represented by angle ¢, formed by the bent edge and the 
plane of the four central atoms. It was thereby noted that substituting experimental 
data in expressions for derivatives 0U/0(Ax,), Ol &(Ax,) and 0U/0(Af,) converts 
them with reasonable precision to zero. At the same time 0U/de = 0-34 


This points to the necessity of introducing into the energy member the energy 


due to the bending of the benzene ring. If this additive be substituted as 4(ye*/2) 


and the experimental value of ¢ is ~0-20 rad, then 0-4C. It will be thereby seen 


that the force constant of the edge bending is two and a half times less that of the 
ideal angle 
Of course the force constant of the edge bending cannot be regarded as established, 


being calculated only in one instance. It 1s moreover quite possible that such a 


strain energy characteristic of a distorted aromatic system is not strictly valid. We 


have. however, made use of these approximate data to estimate the distortions in 


such a structure as that of hexamethylbenzence. The strain energy expression is as 


follows 


6 = 2( + Ofe.c, + mte,c, + meme, 
2 0-4 
3 — C(Ax? 
5 


with « CCC. 8 = MeCC, and Ax being the bending angle of the benzene ring 
edge. The molecule is believed to have a boat conformation. The drawing apart of 
two methyl groups proceeds at the expense of the bending of the edge bending and, 
in addition, at the expense of the expulsion of the methyl group from the plane of 
the respective carbon atom triangle, the latter deviation being due to that of the 
angle f from 120°. 

The minimum potential energy proved to be at the angle value Ax = 8°. The 
adjacent methyl groups are drawn thereby further apart at the expense of the deviation 
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of the C—CH, bond by the angle 6° from the plane of the respective benzene nucleus 
triangle. 


Such example of a similar, highly distorted system can be provided by the structure 
of a benzene derivative determined by Struchkov™ at our Institute (see Fig. 6). The 


(b) 


Fic. 6. Experimental data of molecule of 1-bromo-2,4,6-trichlorobenzene 
(a) perspective view, 


(b) view in the direction perpendicular to the symmetry plane 


distortion of the ring is very strong, the benzene ring conformation being near to 
that of the boat conformation in cyclohexane. 

The evaluation of the coefficient C (see below) allowed us to compute the difference 
in the energy of optimal and flat configurations. It proved to be less than 0-1 ke/m. 
Thus the influence of the crystal field can lead to the molecule becoming flat. In other 
instances, however, the crystal molecules can also deviate from the flat form. 


12 J. T. Struchkov and S. L. Solenova, Proc. Moscow State Univ. 12, 1228 (1959). 
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Evaluation of strain energy and rigidity coefficients 


Conformational analysis leads us to the estimation of the relative interaction 
force » = f'(Ar/r,)/C value. The estimation of the absolute force value and the 
calculation of the interaction energy is therefore possible only by taking into account 
other physical considerations as well 

Coefficient C can be, as already mentioned above, calculated in terms of quantum 
chemistry. These calculations being extremely rough, it seems of greater importance 

1 
to determine C from the optical force constant A y | OR where fi, is the 
equilibrium value and N the number of equivalent angles. 

Having established &, and the relative force 7 curve we can determine the constant 
C. This correlation allows us also to check the degree of precision of our assumption 
on the coefficient C being dependent only upon the central atom properties Indeed, 
if the apexes of the f and y angles are in the same atom, then &, and k, can be expressed 
by the same ideal angle force constant ¢ 

Denoting the HCH and HCC angles in cyclopropane through / and y, respectively 
and bearing in mind that the deviations Af and Ay of these angles from the tetrahedral 


values are related by the correlation 
0-175 0-374A 
one obtains 


and 


in agreement with the experiment 


ere erg 
0-5 0-6 0-30 ()-35 
rad- 


The potential energy expression for cyclopropane is as follows 


4(0-175 0-374A8/ f(0-267 0-26Ap,) 
4/(0-243 +- 0-O86A/) 


Twice differentiating and dividing both sides of equality by C one obtains 
k,/¢ 2-0 

lhus, the approximate value of the ideal angle constant of the tetravalent carbon 
atom can be taken as equal ¢ 0-1,.10-" erg/rad* 

Having ascertained C one finds /(Ar/ry) Cr Ar/r,) and through graphical 
integration determines the repulsion energy of non-bonded hydrogen and carbon 
atoms. Our averaged curve A is rather similar to the interaction curve of carbon 
and bromine atoms reported by Dostrovsky ef al.” but markedly different from those 
of Mason and Kreevoy. The latter interaction curves have been construed without 
allowing for the intermolecular radii and represent repulsion of even those atoms 
(in a molecule) that are not immediately adjacent to each other. 

he interaction potential of non-bonded atoms seems to drop much faster and, 
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within a fair approximation, the conformation in the molecule and the strain energy 
appear to be determined only by the interaction of adjacent neighbouring atoms 


that are in immediate contact with each other. 

It is to be recalled that the aim of the present paper is primarily to suggest a 
definite method to deal with the problem in question. As to the quantative approach 
it is thought to be subject to changes. 

At present very little is known about the structure of strained molecules and the 
distortion of valence angles caused by the interaction of non-bonded atoms. The 
accumulation of experimental evidence will enable to determine more exactly the 
interaction curves for various pairs of atoms and to calculate a priori the optimum 


conformation in any molecule of a known chemical structure. 


The author wishes to express his gratitude to Mrs. K Myrskaya for computational assistance 
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Abstract—This paper concerns the mono-oxidation of the three isomeric p-dimethylamino-phenylazo- 


pyridines by perbenzorc acid The 2-isomer leads only to the amino-oxide; the 3-isomer yields 
mainly the amino-oxide, and small amounts of the |-oxide. With the 4-isomer a mixture was obtained, 
from which only the 1-oxide was isolated. These results are discussed on the basis of the absorption 


spectra and resonance structures of the azo compounds 


THE results of the mono-oxidation of 2-(p-dimethylamino)-phenylazo-pyridine have 


previously been reported.’ The oxidation of the dimethylamino group and not the 


pyridine nitrogen as might be expected on the basis of the acidity constants, suggests 
a revision of the concepts of resonance in the arylazo-pyridine system. It must be 
assumed that the conjugation of the dimethylamino group and the pyridine ring does 
not occur sufficiently to give the pyridine nitrogen an electron density greater than the 
initial value on the amino nitrogen. In order to discuss the reasons for this the 
behaviour of the other position isomers was investigated by mono-oxidation with 
organic peracids. This is a convenient method for evaluating the relative electron 
density on the different nitrogen atoms of the molecule. The experimental results of 


the mono-oxidation of 2-(p-dimethylamino)-phenylazo-pyridine (1) show that the 


I 


first oxvgen atom goes to the dimethylamino group, which suggests a similar course 


for the 3-isomer (111). The basicity of the amino nitrogen in the 2-isomer due to the 


lack of conjugation by electromeric effect via the azo group to the pyridine nitrogen, 


cf 


Il 


must occur in the 3-isomer where such conjugation is impossible. The pyridine 
nitrogen in meta position is not inhibited by the —-M-effect of the azo group and 
the electron density on it can be greater than in the 2-isomer. 

Mono-oxidation of III gave a mixture from which the principal product, an orange 


Pentimalli, Gazz. Chim. Ital. 89, 1843 (1959). 
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coloured compound, was isolated, corresponding to the mono-oxidized azo com- 
pound with a spectrum almost identical to that of 3-phenylazo-pyridine (Figs. 1 and 2). 


N N 


Besides the amino-oxide V it was possible to isolate a small amount of the 1-oxide 
IV (Fig. 3), identified by direct comparison with a sample obtained by synthesis.” 
lable 1 summarizes the spectrophotometrical data. 

lhe first oxygen atom therefore goes preferentially to the amino nitrogen. The small 
amount of the 1l-oxide indicates that the pyridine nitrogen in the 3-isomer has an 


electron density greater than in the 2-isomer. 
Oxidation of this kind of molecule by organic peracids presents difficulties, 


especially concerning the constancy of the results. This is caused by the easy cleavage 


of the azo molecule since the mono-oxidation often led to low yield even when no 
unchanged starting material was recovered. 

Comparison of spectrophotometrical data of the p-dimethylamino-derivatives 
may be useful for understanding the relative behaviour of the different isomers 
(Fig. 4). The characteristic data are collected in Table 2. 

* R. W. Faessinger, P. L. Malloy and E. V. Brown, unpublished work; private communication by E. V. 
Brown 
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Taste 1. MAXIMA WAVELENGTH (ms) AND CORRESPONDING INTENSITIES (LOG ©) IN THI 
ABSORPTION SPECTRA OF 3-(p-DIMETHYLAMINO)-PHENYLAZO-PYRIDINE AND RELATED N-OXIDES 


IN ETHANOI 


3-isomer 272(4-03) 428(4-46) 
3-isomer |-oxide 268( 4-26) 464(4-51) 
3}-isomer amino-oxide 224(4-02) 444(2-67) 


3-phenylazo pyridine 224(4-04) 444(2-63) 


ndicates the Am, the pvr ne-l-oxide ban 


Taste 2, MAXIMA WAVE! 


ABSORPTION SPECTRA © 


(p-dimethylar 


p-dimet! 


4-(p-dimethy 


Although the curves show no marked differences, it may be observed that the 
curves of the 2- and 3-isomers are almost identical. The 2-isomer shows a short 
4 my shift in comparison with the 3-isomer, while the 4-isomer shows a significant 
red shift of about 12 my in comparison with the other two. However, it is apparent 


that neither of the two conjugate azo compounds (2- and 4-isomers) shows major 
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shifts with regard to the non-conjugate azo compound (3-isomer). The conjugation 
K band (A,) may therefore be related to the principal conjugation of the molecule, 
certainly due to the dimethylamino group but involving to a negligible extent the 


pyridine ring 


As in the case of the phenylazo-pyridines, the molecules must be represented with 


the main chromophoric system including only the azo group, since interaction 
between the azo group and the pyridine ring should involve substantial differences of 
the absorption depending on whether or not the phenylazo substituent ts in a conju- 
gate position 

Examination of absorption spectra in acidic media to observe the protonation 
electronic effect on the nitrogen atoms, as with the unsubstituted phenylazo-pyridines,° 
was not suitable because protonation leads to a tautomeric equilibrium’ and serves 
only to complicate certain aspects of the problem 


The spectroscopic measurements in neutral medium (ethanol) show therefore for 


the three isomers, at the ground state in inactive media, a conjugate phenylazo struc- 
ture with no significant effect of the pyridyl group the ortho-meta equivalence 1s 
4): hence, in the arylazo-pyridines, in inactive media, 


striking in this respect (Fig 
the azo group (electron-acceptor) behaves as an insulator between the two electronic 


oscillators. The 2- and 4-isomers of the arviazo-pyridines, in the normal state, may 


therefore properly he regarded as potentially conjugate rather than conjugate azo 


compounds, an clectromeric effect remaining where the possible mesomeric effect 
fails to occul 

The presence ol the dimethylamino group in para position, affecting the azo group 
to a greater extent, opposes the electron pull of the azo group on the pyridyl, and the 
basicity of the pyridine nitrogen Is increased to about the same extent for the 2- and 


4-isomers 


BLE 3. ACIDITY CONSTANTS, pAa, AT 2 


Pyridinitum Azonium Ammonium 


nhenvlazo-py* 


limethvlamino)-pheny lazo-py* 


npublished work; see M. Colonna and A. Risaliti, Ga Chim. Ital. 85, 1148 (1955) 
Fiess. J. Y. Chen Ho and M. Mellody, J. Amer. Chem. Soc 76, 5136 (1954); G. Cilento, 
nd J. A. Miller, /bid. 78 1718 (1956) 
4. Foffani and M. R. Foffani. Rend. Ace ad. Lincei {8} 23, 60 (1957) 
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Comparison of the absorption curves of the p-dimethylamino-phenyl-azo-pyridines 
shows no appreciable conjugation for the 2-isomer, potentially conjugate, and the 
first oxygen atom adds exclusively to the amino nitrogen (in contrast to the assign- 


ments of the acidity constant values). The 4-isomer, on the other hand, shows an 


appreciable shift (-+-16 my) with respect to the 3-isomer, which may be related to a 


more pronounced conjugation regarding the other members of the series. This agrees 


with the general case of 4-pyridine-derivatives, which always show a stronger conjuga- 


tive effect than 2-derivatives.' 


Also on the basis of the acidity constant (Table 3), markedly higher for the 4- 


isomer than for the 2-derivative, it may be anticipated that mono-oxidation will lead 


in this case to at least a mixture of oxidation products and the pyridine nitrogen atom 


can compete, to a greater or a lesser extent, with the amino nitrogen in accepting the 


first oxygen atom. 
The experimental results gave a mixture from which (assuming the presence of 
the amino oxide) only the |-oxide is isolated, from the pyridine nitrogen, which is not 


formed in the oxidation of the 2-isomer 


CH, 


CH, 


N 


0 


Identification of the oxidation compound was by direct comparison with the 1- 


oxide (VII) obtained by synthesis* and the absorption curves appeared to be identical 
(Fig. 5). 


Attempts for further oxidation failed 


Colonna, A. Risaliti and L. Pentimalli, Gazz. Chim. /tal. 86, 1067 (1956) 
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As a result of these investigations, it may be assumed that in the arylazo-pyridines 
the azo group appears to be an ineffective conjugation conductor, owing to its strong 


electron-acceptor character. With the 3-isomer, the first oxygen atom goes preferen- 


tially to the amino group, and only to a small extent to the pyridine nitrogen. The 


TaBLe 4. MAXIMA WAVELENGTH (mys) AND CORRESPONDING INTENSITIES (LOG €&) IN 
THE ABSORPTION SPECTRA OF 4-(p-DIMETHYLAMINO)-PHENYLAZO-PYRIDINE AND RELATED 


1-OXIDE IN ETHANO! 


lamino}-t la py (VI) 27244-00) 292(3-90) 444(4-48) 
292(3-90) 4901 4-59) 


ymino-phenylazo |-oxide (VII) 2344-02) 


2-isomer, in which the azo group may decrease the electron density on the pyridine 
vields only the amino oxide. With the 4-isomer, in which resonance is more 


nitrogen 
pronounced as Is the case for the pyridine 4-derivatives, a mixture was obtained from 


which only the |-oxide was isolated in appreciable amounts 


EXPERIMENTAI 


line (ill) t-Amino-pvyridine (4-6 g) was diazotized and 


0. was neutralized with sodium carbonate; 


iced water and dried. Yield 48g. Red fine 


ture 


3-amino-pyridine (20 g, 0-20 mole) 


as slowly added, with stirring. After 


1 water (S00 mi) and the white precipitate filtered, well 

washed 3-( N-benzoyl!)-amino-pyridine, white prisms (benzene- 
ligroin), n nor ! ‘ lerivative (40 g) was oxidized by hydrogen peroxide and 
acetic id dine-1l-oxide, white prisms (ethanol) m p 209 
210 im hydroxide and the resulting solution acidified 


with H¢ va “py “oxide 


291-292 


hydrochloride (8 g), white needles (ethanol-ether), m.p 


lamino)-phenylazo-pyridine-\-oxide (1V). This was obtained from the hydrochloride 


Purple needles (benzene), m.p. 186 
ion of 111 (2 g, 1 mole) in chloroform (150 ml), at 0°, a solution 
chloroform was slowly added. After remaining overnight the per- 
xture was shaker th saturated sodium carbonate solution, and 
) filtered and the chloroform evaporated. The residue was 
hot acetone. On cooling, hen ispheric il clusters of 3-( p-dime 


pheny i pyridi ve (1 g), orange needles (acetone) m p 


Calc. fc H,,N,O: N, 23-12°,). The benzene solution was poured on an 


118-119 , were obtained 


The lower « we band gave unchanged azo compound, often an upper purple 
of purple needles (benzene), m.p 183-186 , identical with 
condensation of 3-amino-pyridine and nitrosobenzene in 
eta Orange needles (petroleum ether), m.p 50-51 
azo-pyridine (V1). Prepared by coupling diazotized 4-amino-pyridine 
with dimethylanilin red needles (benzene—ligroin), m.p 208 
4-Amino-; line-\- le, hydrochloride. To a solution of 4-amino-pyridine (10 g, 1 mole) in pyri- 
dine (80 ml), at 0°, benzoy! chloride (18 g, 0 13 mole) was slowly added, with stirring After 2 hr, the 
precipitate was collected, washed with ether and dried. Yield 14 g 4-(N-benzoy])-amino-pyridine 
A. Binz and C. Rath, Liebies Ann. 486, 95 (1931) 
* N. Campbell, A. W. Henderson and D. Taylor, J. Chem. Soc. 1281 (1953) 
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The hydrochloride was dissolved in hot water (300 ml), filtered, and the 


hydrochloride, m.p. 250 
filtrate neutralized with NaHCO,. Yield 10-2 g of 4-(N-benzoyl)-amino-pyridine, white prisms 


(water) m.p. 202°.° 
4-(N-benzoyl)-amino-pyridine (10 g) was oxidized by hydrogen peroxide and acetic acid, as with 


the 3-derivative. 4-(N-benzoyl)-amino-pyridine-1-oxide, white needles (water) m.p. 247-250°. The 


crude oxide was used for the next step 
4-(N-benzoy]!)-amino-pyridine-l-oxide, hydrolysed with aqueous sodium hydroxide and the 


resulting solution acidified with HCI, gave 4-amino-pyridine-l-oxide hydrochloride, white needles 


(ethanol-—ether) m.p. 181 
4-(p- Dimethylamino)-phenylazo-p yridine-\-oxide (VIL) 
Long purple needles (ethanol), m.] 


From 4-amino-pyridine-l-oxide hydro- 
chloride and dimethylaniline p. 212 
Vono-oxidation of \ I | his was oxidized with perbenzoic acid 


The residue was dissolved in benzene and the solution poured on an alumina co 


as described for the 3-isomer 
lumn. The lower 


tle unchanged azo compound; from the upper purple band needles (ethanol or 


orange band gave little 
identical with 4-(p-dimethylamino)-pher 
absorption spectra were determined in 95% ethanol 


1viazo pyridine l-oxide, were obtained. 


benzene), m.p 


Ultra-violet-visible absorption spectra. The 


with a Beckman Model DU Quartz spectrophotometer 


icknowledzement—The author is indebted to Prof. Ellis V. Brown, Seton Hall University, South 
Orange, N.J., U.S.A., having kindly provided experimental details of his unpublished work 
57, 1172 (1924) 


* E. Koenigs, G. Kinne and W. Weiss, Ber. Disch. Chem. Ges 
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Abstract—The asymmetric annellation effects and the shift difference rule are explained on the basis 

of the two scheme il asymmetry the anneilatio n passing irom acenes to 

] :2-benz-, and 4-d nz f upport the scheme B involving the view that the transition of a 

olet spectral shift Another set of 

zacenes. This series can be started from 

bond theory are considered for the interpretation of 

asymmetr! nnellation ef 1¢ assumption of two transferable electrons capable of migrating 

throug! evels for ‘nzene with 4 z-electrons in two 

mobile dou is in th ‘ -clectrons moving freely about the ring and not 
helor ring t anv double 


ASYMMETRIC annellation effects are produced by two formally symmetrical sub- 


stitutions of the benzene rings (1,2,3,4) to an acene system. 1 hese effects are observed 


as two very different red shifts of the 6-bands. The nature of this electronic asymmetry 


becomes obvious if the second shift is subtracted from the first shift. This results in the 


2. Anneli lotion 


| Shift ft 


nduced sextet nos Single bonds 


Single bonds 


Single bonds Gucec sexte 


extension of the initial acene system to the next higher acene, 1.e. from benzene to 
naphthalene, from naphthalene to anthracene, from anthracene to tetracene and 
from tetracene to the pentacene system etc.’ 

There are two interpretations of this empirical rule possible. The first inter- 
pretation (A) was given recently and keeps in line with conventional ideas about 


* Part Il: Tetrahedron 6, 358 (1959) 


1 E. Clar, Tetrahedron 6, 365 (1959) 
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spectral conjugation and spectral shifts. Here the first shift consists of the sum of 
the shifts due to two single bonds, providing conjugation of the aliphatic type and 
to the shift resulting from the formation of an induced aromatic sextet, as indicated 
by the arrows. The deduction of the second shift gives the pure aromatic shift which 
thus must be towards the red. 


A, = 3030 +450 


JA, = 55-05 +395 
In the second interpretation (B) the first shift is attributed to the single bonds 
alone. whilst the second one is considered to be the difference of the same shift 


minus the aromatic shift which must then be towards the short wave end of the 


spectrum. This means that a benzene molecule represented by one fixed Kekulé 


structure should absorb light at a longer wavelength than benzene with 6 mobile 
m-electrons, in an aromatic sextet.* The rule that the difference between the two 
shifts gives an increase amounting to one aromatic ring Is valid in both interpretations 
(A and B). 

A decision in favour of the scheme (B) can be reached if the annellation series 
I-XII is considered. The shifts are recorded in A and 1/A, the latter being a scale 
for the reciprocal nuclear charges. 

* The aromatic sextet was first introduced by T. W. Armit and R. Robinson, J. Chem. Soc. 1604 (1925). 
In this paper its use is directly derived from it not involving the latter subdivision given to it 


= 
2210 +300 2510 +60 2570 A 
MA = 47-01 +309 50:10 +060 50-704 
A, = 2515 +355 2870 2860 A 3 
J = 5015 +343 53-58 -010 53-48 VA 
vil VIII 1x 
A, = 2740 + 420 3160 -30 A 
2 
JA, = 52:35 +387 5622 —027 55.95 
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four asymmetric annellation series are much bigger than the second ones (-+-60, 
10, —30 and —50). If the principle of the maximum number of aromatic sextets 
is applied, then the acenes (I, IV, VII, X) can have only one benzenoid ring. The 
two transferable electrons can move through the system as indicated by the arrows. 
The fusion of the angular ring in (II, V, V Il and XI) restricts this movement to one 
ring less, and this is the ring at the angle in which a double bond becomes fixed. 
This ring must therefore lose its acene character and thus produce a red shift. 
The fusion of the new ring with the third sextet has apparently very little influence, 
since the connection of the butadiene system in this ring brings about the same 
amount of red-shift just as the formation of the third sextet causes a violet-shift. 
hat this is the case is shown by the second annellation stage leading to (ill, V1, 
1X and XII). Since the double bonds in the positions 3 and 4 are already fixed by the 
first annellation, the new rings fused to these positions must produce about the same 
amounts of red and violet shifts, thus resulting in a very small overall shift in com- 
parison with the shift caused by the first annellation. Very small positive or negative 
annellation effects therefore are an indication of fixed double bonds at the position 


where a new ring has been fused. This can also be shown in the pyrene and perylene 


systems XIII and XV, where the application of the maximum number of benzenoid 


rings (marked with circles) enforces the fixation of double bonds. The annellation 


ffects in passing to XIV and XVI are small violet-shitts ( *Wand —S55A respectively ). 
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Kekule structures 


secured by only two 
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number of structures 


synchronized in such a way that 
gs (marked Bz) and a minimum 
tation of scheme (B) can be given. 


two Kekulé structures XVIla and XVIIb. Only in 
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a However if the movement of double bonds i: 
or the maximum number of induced benzenoid nm : 
a a number of empty rings (EL) are for d.a 
Thus triphenyiene has only 
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b XVIII b XIX b 
structure X Vila are there three double bond he central ring which could thus 


have aromatic character. This is apparently not enough. In tetrabenzanthracene 


both structures XVIIla and XVIIIb each have one induced benzenoid ring (Bz) and 


an empty ring (E). The overall benzenoidity is thus increased from 5 inherent 


benzenoid rings to 6. This accounts well for at, according to scheme (B) 
a second annellation of a diphenyl system to benzene is required to produce the 


induced sextet. In dibenzopyrene the two Kekulé structures XIXa and XIXb have 


the same effect as the annellation of two o-phenylene systems to diphenyl. 


If this interpretation is 
benzenoid 
Bu iding up | :2.5:6-dib 
two styrene complexes 


ruiec again SHOwSs that | ren as been tendged to a napnin: n Sic 


the agreement is not so goox that obtained on building up picene XX 1 


way from benzene. The diffe t] ‘(amples can only 
by a change in the fine structure of the central ring in dibenzanthracene XX. The 
dibenzotetracenes XXII and XXIII and dibenzopentacenes XXIV can be obtained 
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by asymmetric annellation from naphthalene and anthracene respectively. The shift- 
difference rule gives the correct answer in all three cases. 

Chrysene XXV can be derived in an analogous way from ethylene. It is remarkable 
that the first shift (234 A) is a small one because the newly formed ring in naphthalene 
has induced benzenoid character. The magnitude of the second shift is influenced by 
the transformation of the structure XXVa to XXVb. The latter contains a diphenyl 
system whose transfer to the two adjoining rings produces two fused naphthalene 
systems and no empty ring. The shift-difference rule gives correct figures for the 
x- and /-bands of benzene even in this extreme case. 


3600 


NO 


A 

a-Bond of Benzene, found 2604 A 
° 

47 467 42 792 +#OA 

Bond of Benzene, found 790 A 


Building up tetrabenzonaphthalene XXVI in an analogous way follows a different 
course rhe first annellation produces a big shift and an empty middle ring in 
phenanthrene. The second shift is much smaller. To measure it correctly the §-band 
of tetrabenzonaphthalene must be corrected in order to account for the over-lapping 
H atoms (marked by x) which shifts the 6-band to the red.2 The comparison of the 


f-band of chrysene with the /-band of the isomeric 3:4-benzophenanthrene which 


has two overlapping H atoms shows a red-shift of 140 A. This is the minimum 
correction which has to be applied. Using this corrected /-band, the deduction rule 
gives a /-band at 2173 A, which is very near to the /-band of naphthalene (at 2210 A 
in alcohol). A bigger correction for ove lapping would give an even closer agreement. 
It is thus obvious that in the second annellation two induced benzenoid rings (Bz) 


have been formed in the centre. The central double bond must therefore participate 


in both central sextets. 

lt is already somewhat difficult to explain the asymmetric annellation effect 
leading to picene on the basis of the two structures XXla and XXIb, one with two 
induced sextets and the other with none. But it can be claimed that on average there 
is only one induced sextet. However, this explanation fails in the case of tetra- 
benzonaphthalene. Neither with the structure XXVla and XXVIb nor in any other 
pair of structures can two induced sextets on the average be obtained. It is obvious 
that the limit of application of the simplified valence bond scheme is reached. 


rhe role of the double bond between two rings must be more closely defined. 


235 (1952) 


lar and D. G. Stewart, J. Amer. Chem, Soc. 74, 62 
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This can be done by identifying it with the transferable pair of electrons which can 
migrate through an acene and participation ol which in the formation of an induced 
sextet is essential.! Since there is only one mobile pair of these electrons available in 
one inherent benzenoid ring, the central ring in picene XXI can only produce one 
induced sextet in one of the adjoining rings. In tetrabenzonaphthalene XXVla the 
four inherent benzenoid rings and the central double bond provide five pairs of 
electrons symbolized by the five double bonds between the rings which form a system 
of five fused naphthalene complexes. 

The assumption of a transferable pair of electrons symbolized by arrows becomes 
a necessity because the aromatic sextets alone do not indicate the asymmetry of the 
annellation and cannot predict in which of the two stages the formation of the first 
induced sextet takes place. The Kekule structures alone can do this, but do not show 
the asymmetry of the annellation because both methods can give only the answer 
which is inherent in the choice of the symbols. 

In order to understand why no induced aromatic sextet is formed in triphenylene 
it is necessary to define where the two transferable electrons, which have a greatet 
mobility than the other 7-clectrons, are located in a benzenoid ring. If one electron 
rotates around the whole ring above the molecular plane the other electron must 
rotate in the opposite sense, below the plane. Although the momenta are compensated 
within the ring, there are two different ways to combine them with another electron 
pair of this kind in another ring. The interchange between these two pairs can be 
bonding or antibonding. In the ground state they will be bonding in diphenyl but it 


is not possible to add a third ring with a bonding pair of these electrons as 1n tri- 


phenylene. [he situation can be best illustrated by marking the momenta of the 


electrons only on one side of the molecule (XX\ Il) because on the other side the 
momenta are exactly opposite. A coupling between the three pairs of electrons ts 
rhe result is that the third ring tends to be repelled by the other two, as indicated by 
the straight arrow in XXVII. This causes a big red-shift with no reduction produced 


just as impossible as the coupling of the rotation of three wheels touching each other. 


Lig 
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by an aromatization of the central ring. The bond distance between the three rings 
should be intermediate between a single bond in diphenyl and two single bonds of 
the paraffinic type. 

This repulsion of the third ring is counteracted by the additional rings in tetra- 
benzanthracene XVIII and dibenzopyrene XIX and the formation of an induced 
sextet can take place. 


XxVII ~~ XXVIII XXIX b 


[he situation is quite similar in phenanthrene XXVIII except that one ring is 
replaced by one double bond. It had been shown at the beginning of this paper that a 
benzenoid ring can be replaced by a fixed double bond with little effect on the S-band 
and the asymmetric annellation. It must be concluded thata double bond can be substi- 
tuted for a benzenoid ring in the interaction between benzenoid rings. This leads neces- 
sarily to the assumption that in a double bond one z-electron is above and the other 
below the molecular plane, both having opposed orbital momenta. This being the 
case the interaction of cyclic conjugated double bonds must be analogous to that 
between benzenoid rings. 

in a Kekulé structure XXIXa there must be one double bond, antibonding 
relatively to the other two. Accordingly, Kekulé benzene, an alternant hydrocarbon 
in terms of marked carbon atoms, becomes a nonalternant hydrocarbon in terms of 
marked double bonds. Since the space in benzene is more limited than in triphenylene 
a relief of the strain is obtained by transferring two z-electrons out of one double 
bond to a higher level, where they belong to the ring as a whole and to no particular 
double bond. The remaining two double bonds can then move into any position 
which is the most favourable in a particular derivative. In XXIXb they receive more 
positive charge than in XXIXa which accounts for the extra aromatic energy in 
comparison with a single Kekule structure. 

There are also two electronic levels as in Hiickel’s term scheme,’ the difference 
being that in the latter case the lowest level is occupied by two and the next higher 
by four z-electrons, whilst in XXIX_ the inverse distribution is applied, thus creating 
only two particularly mobile z-electrons which can migrate from one ring to another 


through the whole length of an acene. This gives mobility to the “background” 


double bonds within their rings and to the positive charges through the whole length 
of an ocene. It also accounts for the asymmetric annellation effect, because the pair 
of transferable electrons can be effective only on one side of an acene simultaneously. 


3 E. Hiickel, Grundziige der Theorie der ungesdttigten and arome hen Verbindungen p. 7 rlag Chemie 
(1938) 
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Abstract—The evidence bearing on the mechanism of the Schmidt reaction with ketones is critically 
reexamined. It is shown that dehydration of an initially formed azidohydrin (1) to a ketimino- 
diazonium ion (11), which may or may not equilibrate between its geometrically isomeric forms 
(Ila or b), can account for the various reported ratios of isomeric amides produced from unsymmetrical 
ketones. The previo isly anomalous behavior of ortho-substituted diary] ketones can be resolved by 
taking into account the influence of conjugative effects on the preferred rotational positions. The 
ratios of amides produced from a series of o-alkylbenzophenones by both the Schmidt reaction and 


oximation plus Beckmann rearrangement have been determined at different temperatures; there are 


appreciable differences in the product ratios and their temperature coefficients from the two reactions 


IN 1948 one of us proposed! a mechanism for the Schmidt reaction® between hydrogen 
azide and ketones, which in the ensuing decade has been the basis for most discussion 
of the reaction. So much pertinent experimental investigation and theoretical discus- 
sion has since been published that a reconsideration of the overall picture seems 
justified at this ume. 

The principal reaction products of ketones and hydrogen azide are amides, of 
which a single compound is produced from symmetrical ketones, but a pair of isomers 
may be produced in unequal amounts from unsymmetrical ketones. In addition, 
there have been found, to an extent varying strongly with both structure and reaction 
conditions, nitriles, 1,5-disubstituted tetrazoles, ureas, and 5-aminotetrazole deriva- 
tives; the first of these requires one mole of hydrogen azide, the second two, two 


moles, and the last requires three moles for formation 


NH--CO—R 


CO-—R 


: * From the doctoral dissertation of E. P. A., University of Michigan, 195 
i; 1P. A. S. Smith, J. Amer Soc. 70, 320 (1948) 


2H. Wolff, Organic Reactions (R. Adams, Editor-in-Chief), Vol. IIL. John Wiley, New York (1946) 
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R—CO—R 2HN, R—--NH—-CO—-NH—R’ 


R--CO—R 3HN, — R—NH—C-—-N—R’ + R—N—C—NH 
N N 


N N 


With the exception of tetrazoles originating from nitriles, the products derived 
from more than one mole of hydrogen azide cannot be obtained from the compounds 
whose formation consumed less hydrogen azide, under the conditions used in Schmidt 
reactions. Reactive intermediates are therefore involved, which under appropriate 
conditions have the choice of reacting with more hydrogen azide or of reacting in 
another way to give terminal products. 

[he mechanism originally referred to' embraces the foregoing essential facts, 
satisfactorily, as has been developed in subsequent publications.? On the other hand 
the reason for the observed ratios of isomeric amides from unsymmetrical ketones 
has been a perplexing problem, which has brought forth successively more drastic 
modifications of the original proposal. This paper is addressed largely to this aspect 
of the reaction. 

Until recently there has been general acceptance of the view that the Schmidt 
reaction proceeds by combination of the conjugate acid of the ketone with molecular 
hydrogen azide to produce a protonated azidohydrin (1), which loses water to form an 
iminodiazonium ion (Ila and b), capable of assuming two geometrically isomeric 
configurations when R and R’ are different. The reasonable assumption that re- 


arrangement occurs at this stage by migration of the group anti to the diazonium 


OH 


nitrogens provides a means whereby steric factors may influence the isomer ratio of 


the amides ultimately formed. The relative populations of Ila and IIb as formed 


IIIb 


from the ketone may be presumed to be largely the result of different steric repulsions 
in the transition states leading to these two configurations, if there is no opportunity 
for thermodynamic equilibration. The ratio of populations would in turn determine 


P. A. S. Smith, J. Amer. Chem. Soc. 76, 436 (1954) 


: 
an 
(4) 
-R 
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HN H.O 
R—C—R » R—C—R > R—_C—R R—_C—_R 
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the isomer ratio of the rearrangement products, i/ the rates of rearrangement are 


appreciably faster than interconversion of the two configurations.* 


There is an extensive parallel between the ratios of isomeric amides produced in a 
Schmidt reaction and the equilibrium ratios of geometrically isomeric oximes formed 
from the same ketones. Furthermore, the ratios of these oxime isomers (usually 
determined by examination of the amides formed from them by Beckmann rearrange- 
ment) are largely in accord with the generalization that the more stable configuration 
is that in which the bulkier group is anti to the oxime hydroxyl,‘ and are not influenced 
by the electronic effects that determine migration aptitudes.’ The ratios of amides 
produced by the Schmidt reaction have been shown to have a similar relation to 
structure.® To the extent that these generalizations are valid, one can deduce from 
them that the italicized condition in the foregoing paragraph is satisfied, and that 


“migration aptitudes” do not therefore determine the isomer ratios in the product 


irbonium ions, Illa and 


Ilib, « two para ch of to " yisa quence of pscudo-first-ordcr 


und a err tie oO naw be n is irreversible 
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They also support the contention that the ratio of syn and anti configurations of the 
iminodiazonium ion (II) is roughly proportional to their relative stabilities, even though 


the ratio may be kinetically determined.’ That is, the two transition states for de- 


hydration of I to Ila and IIb resemble the products, and their relative energies may be 
approximated by those of Ila and IIb. 

The most bothersome exceptions to these generalizations have been observed 
among benzophenones. Many benzophenones substituted in an ortho position’ give 
ratios of amides and oxime ratios that imply that the more stable configuration has 
the ortho-substituted phenyl group syn to the N-attached hydroxyl or diazonium 
group. In another case, p-methoxybenzophenone, the usually ineffective migration 
aptitudes appear to operate to a limited extent in the Schmidt reaction, although they 
do not in p-methoxy-p -nitrobenzophenone Finally, a few benzophenones appear 


to give rr: of amides from the Schmidt reaction that are measurably different from 


those of the equilibrated oximes.” 

An attempt was recently made Coombs and Evans" to resolve these 
anomalies by postulating a substantially different path for the Schmidt reaction, not 
involving dehydration of I to an iminodiazonium ion (I1). Their proposal features a 
four-membered chelate that undergoes rearrangement entirely intramolecularly 
to give the conjugate aci ude directly. Geometrical isomerism would be 
possible in this ring intermediate if the bonds about the ring nitrogen have a pyramidal 


arrangement, and this 1s presumed to account for the ratios of product isome;rs 


We do not belie, his proposal offers a more satisfactory explanation <« 
observed amide ratios asmuch ; h ractive and repulsive 
contiguration operate det 1 the same groups in the chelate ring intermedia 
the imimodiazonium io! the transit ates Apart fron 


howeve! ‘ ‘ ol ‘ 
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isomers be slow 
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9-methoxyphenanthridine was detected. It was argued that the concentrated sulfuric 
acid constituting the reaction medium would “be unlikely to liberate the water” 
required to convert iminocarbonium ions (II]) to amides, and that their procedure 
should therefore have produced 9-methoxy-phenanthridine if the mechanism actually 
involved the formation of an iminocarbonium ion. Since only phenanthridone was 
produced, they concluded that neither iminocarbonium ions nor their necessary 
precursors, iminodiazonium ions, are formed during the Schmidt reaction. We 
believe these arguments to be invalid. 

The successful substitution of alcohols for water as the nucleophile taken up by 
the reactive intermediate in the Schmidt reaction has been known for a long time 
from the work of Schmidt and others,"* who prepared imino esters by treating ketones 
with hydrogen azide and hydrogen chloride in alcohol solution (9-methoxy-phenanth- 
ridine is but a special example of an imino ester) The difference between these 
experiments and those of Arcus et al. is that the earlier Schmidt reactions took place 
in the presence ol alcohols. while alcohol was not introduced by Arcus ef al until the 
Schmidt reaction was completed The latter circumstances allowed the iminocarbon- 
jum ion to acquire the elements of water from the environment, presumably by initial 
reaction with bisulfate ion, notwithstanding the fact that this was nearly 100 per cent 
sulfuric acid. The ability of iminocarbonium ions to extract water [rom concentrated 
sulfuric acid is demonstrated by the well known general procedure for hydrating 
nitriles to amides by simply warming them with sulfuric acid. Furthermore, if the 
iminocarbonium ion were thermodynamically incapable of abstracting water from 
sulfuric acid. we might expect that amides would be dehydrated by that reagent, in 
contrast to their known stability in sulfuric acid solutions In addition, Newman and 
Deno attempted to obtain cryoscopi evidence for the formation of iminocarbonium 
ions from amides of favorable structure, but failed.” The evidence, then, is definitey 


contradictory to the chelate ring intermedi and is consistent with the formation ol 


an iminocarbonium ion; we thus find ourselves returned to the mechanism proposed 


to seek insight into the reasons for the anomalous tsomer ratios of the 

) o-SubDstituted benzophenones, we began our investigations with a careful 

of the Schmidt reaction and of the oximation of « methylbenzophenone 

hoped to be able to prepare pure samples ¢ f the syn and anti oximes oO! a 

henones and to determine their respective absolute entropies 

nents from room temperature down to liquid helium 

temperatures l¢ preparation of one isomer of o-methy benzophenone by oximation 
under but mildly basic conditions, of the other by oximation in hot, strong alkali has 
been reported by Smith.“ Similar observations have been rep wted for |-benzoyl- 


Repeated attempts to confirm these reports 


napht ene by Betti and Poccianti 


failed in our hands, and we believe that the earlier workers may have been misled by 
samples of different purity, or may have mistaken a eutectic mixture for a single 
isomer. Attempts to separate the isomeric oximes from the equilibrium mixtures by 
fractional crystallization or by chromatography gave only the major isomers in pure 
form. 

K. hmidt n. U.S. Pat. 1,889,323: Chem. Abstr. 27, 1361 (1933). 

13M. S. Newman and eno mer. Chem. Soc. 73, 3651 (1951) 


A. Smith, Ber. Dr 24, 4047 (1891) 
16 M. Betti and P. Poccianti, i Chim. Ital. 45 U1, 224 (1915) 
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Our next approach, after we found we could not obtain the pure isomeric oximes 


in this series, was to determine the ratios of oxime isomers formed at two temperatures, 


60° and 118", in order to estimate from them the magnitude and sign of the differences 


between the thermodynamic properties of the isomers. The ratios were determined by 


carrying out Beckmann rearrangements on the mixtures and analyzing the resulting 


mixtures of amides by infrared spectroscopy. 
The results are given in Table 1. It can be seen that an increase of temperature 


favors the minor isomer, but that the magnitude of the effect varies with the nature of 


the alkyl group in o-alkyl benzophenones. The low precision of measuring the ratios 
when they are so far from | : 1 unfortunately prevents the calculation of reliable 


thermodynamic constants from them. These data do show the importance of the 


temperature variable, which must be taken into account when attempting to interpret 


ratios reported by different investigators; temperatures used in oximation or the 


Beckmann rearrangement are seldom reported or carefully controlled. Similar 


temperature effects in the Schmidt reaction on other ketones have been reported by 


Schechter and Kirk.” 
Table 1 also includes the ratios of amides produced by the Schmidt reaction, 


carried out at 60° to allow comparison with the oximation ratios. While these results 


ISOMER RATIOS FROM OXIMATION AND FROM THE SCHMIDT REACTION 
OF KETONES Ar—CO-C,H 


TABLE | 


Oximation plus Beckmann rearrangement Schmidt reaction 


At 118 At 60 


At 60 


Mivration Migration Migration 
Yield of s Yield of Yield of 


ratio, ratio, 


Ar:C,H, Ar:C,H, | 2™mides, Ar: C,H, 


o-Toly! 


o-Ethylpheny! 


o-lsopropylpheny! 


o-t-Butylphenyl 
a-Naphthy!l 


recovery 


of ketone Plus recovery of ketone 20 recovery of ketone * Plus 95-5 recovery ol 


ketone 


support the generalization that the Schmidt reaction and oximation plus Beckmann 


rearrangement give similar ratios of isomeric amides, they also show that the agreement 


is only qualitative. There are small but significant differences: furthermore, the 


direction of the differences depends on the temperature of oximation chosen for 


comparison, and a temperature must therefore occur in the relatively short range of 
60-118° where the oximation ratios would be essentially the same as the amide ratios 
from the Schimdt reaction at 60°. Differences of this magnitude are thus so strongly 
influenced by the various temperature coefficients that a simple interpretation of them 


in terms of temperature-invariant steric and electronic repulsions would be naive. 


q 
— 
Ar 
92 15-5: 84-5 QR 22:78 22:78 
99 23-5:76°5 
$:95 )7 28:72 80-5 21:79 
95-5 93-77 
96 17-5:82°5 
1-2 ~70: 30 
18-8? 98 30:70 
: * Overall ld fror tone b mation f by Bech nn rearrangement. ° Plus 13 | 
erall yield from ketone by oximation followed by Beckma carrangeme u : 
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A feature of significance is that there is very little difference in the isomer ratios of 
the products w hether the o-alkyl substitutent is methyl, ethyl or isopropyl. (t-Butyl is 
questionable, since o-t-butylbenzophenone was found to be so extremely unreactive 


that no oximation could be detected, and Schmidt reaction occurred to only a minute 
extent, even under forcing conditions.) This insensitivity to the size of the ortho 
substitutent is also found in the o-halobenzophenones, which give almost the same 
ratios of amides by the Schmidt reaction as do the o-alkylbenzophenones. 

There appear to be two ways by which the near-constancy in the isomer ratios of 
amides obtained from o-alkyl and o-halo benzophenones by the Schmidt or Beckmann 
reactions may be accounted for. The absence of appreciable influence of migration 
aptitudes and the general stereospecificity with respect to oxime configuration make it 
reasonably certain that we have to deal with the geometrical isomerism of ketimine 
derivatives rather than the rearrangement 
h tho-substitutent are balanced by differences in their 


step.* One possibility that the effects due 


¢ 


to changes in the size of t 
Such an explanation requires a coincidence in the balance of the 


electronic influence 


two effects that highly improbable, expecially in view of the known difference of 


electronic character between halgens and alkyl groups of comparable size. The other 


possibility 1s that any substitutent appreciably larger than hydrogen might be sufficient 


to enforce the observed preferred configuration, and that further increases in size 


would be without appreciable effect, unless a threshold size should be reached where 


additional configurational changes are imposed. Such a set of circumstances would 
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not be unreasonable if the effect of the substitutent should be to prevent rotation or 
coplanarity in a critical part of the system. 

Scale models of benzophenone derivatives show that an ortho-substituent hinders 
the substituted ring from being coplanar with an oxime function [or the iminodiazonium 
intermediate (II)]. This in turn interferes with the substituted ring being in conjugation 
with the carbonyl derivative,'® with the result that the favored configuration would be 
that shown (for oximes) in Fig. 1B, in which the two benzene rings have their perpendi- 
cular axes skew to each other, and only the unsubstituted ring is in conjugation. In 
the case of an oxime or iminodiazonium ion, such a rotational position disposes the 
carbonyl derivative to have its more stable configuration anti to the unsubstituted 
phenyl group, owing to interference between the hydrogen in the outer, up-ended 
ortho position and the hydroxyl or diazo group on the nitrogen. 

The effects just delineated consider the ortho-substituent solely as a source of 
steric hindrance. If, in addition, the substituent is of such electronic character as to 
promote conjugation, then a conflicting influence is present. Configuration D. (Fig. 
1), which allows the ortho-substituted phenyl! group to be in conjugation with the C—=N 
system with the smallest amount of interference, is the geometrical isomer opposite 
to that in configuration B. The resulting equilibrium would be a balance between the 
simple bulk effect, leading to the syn-configuration, and the promotion of conjugation, 
leading to the anti configuration. Such a situation may be met in o-methoxybenzo- 
phenone, which has been shown to produce roughly equal amounts of the two 
isomeric amides formed in the Schmidt reaction, and we are thus able to account 
for the different effect on the isomer ratios of o-ethyl and o-methoxy, whose steric 
requirements are not very different.* 

An ortho or para methoxy group causes another effect through its electronic 
influence. Hauser and Vermillion’’ have described a study of the influence of sub- 
stituents on the interconversion of stereoisomeric benzaldoximes, and have shown 
that the methoxy group promotes it. In view of this, it is not unreasonable to expect 
that the rate of interconversion of the stereoisomers of methoxybenzophenone 
derivatives might become comparable to the rate of rearrangement, thus allowing 
migration aptitudes to make their influence felt (cf. paragraph 5). Support for this 
view in the particular case of o-methoxybenzophenone is found in the report that 
although its two isomeric oximes can be separated, one isomer Is considerably more 
stable than the other. Interconversion ‘occurs under unusually mild conditions. 
Beckmann rearrangement of either isomer gives principally benzo-o-anisidide.!* 
Since the amides from the Schmidt reaction consist of 50 per cent of this isomer, we 
see that in both the Beckmann and Schmidt rearrangements migration of the o-anisyl 


group occurs to a very substantially larger extent than of o-alkyl- or o-halophenyl. 


Although we cannot from these facts alone tell whether this is the result of the steric 
effect as influenced by conjugation or of the partial operation of migration aptitudes, 
a combination of both seems most likely. 

It is fruitful in this connection to re-evaluate the observations reported for p- 
methoxybenzophenones, in which the steric effect of an ortho substituent is missing, 


* The methoxy! group actua has some t smalier steric requirements than the ethyl group, since 


the effective radius ther Ox thyienk 
'® H. H. Szmant and C. M. Harmuth, } hen c.f 62 (1959): R. N. Jones, /bid. 67, 2141 (1945) 
17 C. R. Hauser and G. Vermillion, J. Amer. Chen c. 63, + (1941) 


16 P. Billon, Ann. Chim. (10), (1927); artynoff, /bid. [11], 7, 424 (1937). 
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but the electronic influence and migration aptitude are retained. p-Methoxybenzo- 
phenone should show equal extents of phenyl and p-anisyl migration in the Schmidt 
reaction if only simple steric effects operate. Nevertheless, it has been reported®™ and 
independently substantiated'® that migration of the p-anisyl group occurs preferentially 
to the extent of nearly 2:1. This can be interpreted as evidence that migration 
aptitudes have come into play. There are, however, two other p-methoxybenzo- 
phenones whose Schmidt reactions have been studied; they are the p’-chloro and 
p'-nitro derivatives. The addition of either of these substituents returns the ratio of 
migration to the statistical value. 1 : 1, and thus eliminates the effect observed in 
p-methoxybenzophenone This result is understandable in the light of the work of 
Chapman and Fid er” on the relative rates of migration of substituted phenyl groups 
in the Beckmann rearrangement of benzophenone oximes, in which they showed that 
electron-withdrawing substituents on the non-migrating phenyl group noticeably 
decrease the rate of rearrangement of the other group. It is also to be presumed that 
such substituents would decrease the rate of equilibration between the syn- and anti 
forms of the iminodiazonium ion, analogous to the effect observed by Hauser and 
Vermillion of these substituents on the interconversion of benzaldoxime isomers. 
In both ways, therefore, the marginal operation of migrational apitudes in p-methoxy- 
benzophenone would be nullified. Evidence that the preferential anisyl migration Is 


at least partly a result of geometrical orientation appears in the characteristics of the 


two p-methoxybenzophenone oximes. The anti-anisyl isomer, which gives benzaniside 
on rearrangement, is the more stable." This is to be expected if the p-methoxy group 
should greatly stabilize a configuration analogous to Fig. 1D, by enhancing conjuga- 
tion of the anisy!l group with the C N system. 

There remains to be discussed a group of three ortho-substituted benzophenones, 
19 R. D. Westland and FE. McEwen, J. Amer. Chem. Soc. 74, 6141 (1952) 


\. W. Chapman and I \. Fidler Chem. So 448 (1936) 
A. Hantzsch, Ber. Drsch. Chem. Ges. 24, 51 (1893) 
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o-carboxy, o-nitro and o-phenyl, which show predominant migration of the substituted 
aryl group in the Schmidt reaction. The way in which this anomalous behavior can be 
reconciled has been pointed out by Arcus and Coombs for the first example; cycli- 
zation occurs to give a derivative of the lactol form and the rearrangement is that of 
an azide rather than of a ketimine derivative.* Since the nitro group and the carboxy- 
late ion are isoelectronic, analogous behavior with o-nitrobenzophenone might not be 
unreasonable.t Evidence that such interaction occurs between nitro oxygen and the 
carbonyl group in o-nitrobenzoyl chloride has been given by Szmant and Harmuth.!® 
The analogous behavior with o-phenylbenzophenone would lead to 9-phenyl-9- 
fluorenyl azide as the intermediate. The necessary postulate that this rearranges to 
9-phenylphenanthridine, the observed product of the Schmidt reaction, receives strong 
support from the report that 9-methyl- and 9-benzyl-9-fluorenol rearrange to the 
9-substituted phenanthridines through their 9-azido derivatives. 

Since we have seen that the effects which once seemed anomalous in the Schmidt 
reaction and in oxime configuration of o-substituted benzophenones can be under- 
stood when the non-coplanarity of the two benzene rings is taken into account, it is 
especially pertinent to consider the behavior of the related derivatives of fluorenone, 
in which a bridged structure holds the benzene rings coplanar. Thus geometrical 
factors should operate in fluorenone derivatives in a way conditioned by the enforced 
coplanarity of the nuclear system and the —-N—-O— or —N—N,,” in the carbonyl-de- 


rived function, distinct from the superficially similar benzophenone system. 1-Substi- 


tuted fluorenones, the analogues ofo-substituted benzophenones, are difficult to synthe- 
size and consequently have been little investigated. An example of the oximation and 
Beckmann rearrangement of such a structure has been reported in the case of retene 
ketoxime,** which on rearrangement gave solely 2-methyl-8-isopropylphenanthridone. 
The only example of a Schmidt reaction on a |-substituted fluorenone is that of 
| which gives 1,3-dimethyl-2-azaphenanthridone, the 
product formed by migration of the substituted side. It appears from these two 
examples that the rule of migration of the bulkiest group holds once more in an 
uncomplicated manner when the conformational effects which have been discussed 
for benzophenones are prevented by enforced coplanarity. 

The behavior of 2- and 3- substituted fluorenones in the Schmidt reaction has been 
investigated recently, and the results have been presented as further examples of 
anomalies not explainable by the “greatest bulk” rule for predicting the isomeric 


* An alternative explanation has been offered by M. V. Bhatt, Chem. & Ind. 1390 (1956), utilizing the 
assumption that an o-carboxyphenyl group would mig rentially to phenyl owing to the operation 
of the “‘greatest bulk” rule in the stereochemistry of the imu } ium ion Apart from the fact that a 
mass of data shows that this rule cannot be so s Y apr 1 in benzophenone derivative it has been 
shown by C. L. Arcus and R. E. Marks, J. Che o. | that o-carboxypheny! also migrates 
preferentially over the presumably bulkier mesityl group, and the basis for Bhatt’s explanation loses its 
support 

Support for this is provided by our observation that solutions of o nitrobenzophenone in sulfuric 
acid are initially pale yellow (owing to end-absorption of the protonated carbony! structure), but slowly 
change their ultraviolet and visible spectral characteristics, becoming rosy-purple with strong blue fluore 
scence: similar solutions of p-nitrobenzophenone remain unchanged indefinitely. Dr. N. C. Deno and 
Mr. G. Saines of Pennsylvania State University have kindly determined the van’t Hoff i-factor in sulfuric 
acid for us; it has the value 1-97 30 min after mixing, corresponding to simple protonation of the carbonyl! 
group, but increases to 3-00 after 70 min and 5-90 after 2 days (formation of the dipositive ion that would 
be parent to the azide structure 1V would give a theoretical i-factor of 5). It should be noted that the Schmidt 
reaction on o-nitrobenzophenone is very slow- even at 60°, so that ample time is available for the foregoing 
processes 
*2 —D. E. Adelson and M. T. Bogert, J. Amer. Chem. Soc. 58, 2236 (1936) 

*8'V. A. Petrow, J. Chem. Soc. 200 (1946). 
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constitution of the products. Specifically it was determined that 2-nitrofluorenone 
produces 2-nitrophenanthridone, the isomer resulting from migration of the nitrated 
ring to nitrogen, in a ratio of 19 : 1; 2-methoxy- and 3-nitrofluorenone gave roughly 
equal quantities of the respective isomeric phenanthridones (the actual ratio, 69 : 31, 
reported for 3-nitrofluorenone. should be taken with reservation, inasmuch as it Is 
based on only a 65 per cent yield of amides with no compensating recovery of ketone, 
and an analytical procedure beset with considerable uncertainties). The oximation of 
2. and 3-nitrofluorenones has also been studied, but the results, contrary to the 
original report, do not allow a reliable estimate to be made of the ratios of isomers 
formed.4 We believe the ratios observed in the Schmidt reaction in reality provide 
support for the “greatest bulk” rule, by which we will show they too, can be explained. 

It has been pointed out (Fig. 1A) that there is interference between the oximino 
group (and by implication, an iminodiazonium group) and an ortho-hydrogen, when a 
syn-phenyl group of a benzophenone derivative is coplanar with the carbonyl-derived 
group. Any fluorenone oxime thus represents a slightly strained system, as a result of 
the enforced coplanarity, and this strain 1s presumably accommodated in part by a 
slight bending of the l-hydrogen away trom the ketoxime group. Now let us consider 
2?-substituted fluorenones, and particularly 2-nitrofluorenone. The ability of the 


molecule ymmodate the strain in the syn-oxime by a bending of the | hydrogen 
the direction of the 2-position will be reduced by the bulk of any 2-substituent. 


effect”™® observed in the mutarotation of optically active 

group is particularly bulky and its bulk gives maximum but- 

en it is coplanar with the benzene ring, the position of most 

S$ position molecular models actually show a small amount 

tro oxvgen and the I-hydrogen. The result is that the 

trofluorenone oxime should be noticeably less stable than the 

ication the Schmidt reaction should reflect these 

‘i-configuration of the intermediate iminodia- 
zonium ion, and from it 2-nitrophenanthridone, the major observed product Whether 
a secondary butt Te t from the 3-nitro group could be sufficiently important 


to affect the ratio of products from 3-nitrofluorenone ts questionable 
} 


CULL 


While this paper is primarily concerned with aromatic ketones, it 1s necessary to 


consider the behavior aliphatic ketones as well, particularly with regard to the 
nolecular and intramolecular isotope 
ereement with the rule of migration 


Or Ul 


e bulkier group in her 1 hmidt action or oximation plus Beckmann 
rearrangement had Iced to an earlie! ha geometrical effects operated in an 
uncomplicated wi wer has recent’ en shown that increasing alkyl 
substitution at the «-carbon increases migrauion aptitudes {or more precisely, rate of 
migration) in both C-to-O and C-to-C migration **25 which suggests that migration 
aptitudes might equally well explain the observed products in the C-to-N rearrange- 


ments. It is significant in this connection that isomeric oximes of wholly aliphatic 
2797 (1952): K. Schoefield, private 


for a summary oO! literature 
Sec. 76, 1710 (1954) 
RO, 6393 (1958) 


(1959) 


: 
4 
communication 
2 W. F. Forbes and W. A. Mueller, /. Amer. Caem. o 9, ¢ : 
* A. Ropp W A. Bo er, M. T. k and V. I Raac 
ee M. F. Hawthorne and W. D. Emmons, J. Amer. Chem. S 
*R.M. Stiles and R. Mayer, J. Amer. Chem. S 81, |49 
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ketones cannot usually be isolated, and the behavior when separation is attempted 
suggests extremely easy interconversion. The same factors which are responsible for 
this ease of interconversion of oxime isomers should also promote interconversion of 
the corresponding imindiazonium ion isomers, II a and b, in the Schmidt reaction. 
As we have already pointed out, as interconversion of the geometrical isomers of the 
rearranging species becomes important, so does the role of migration aptitudes in 
determining product ratios.* The isotope effect observed by Ropp et al. implies that 
in aliphatic ketones migration aptitudes compete with simple geometrical factors in 
determining the product composition, and the rule of migration of the bulkier group 
should not necessarily be expected to hold for those aliphatic ketones where migration 
aptitudes and steric effects may be opposed 

We should like to comment on another factor influencing product ratios in the 
Schmidt reaction, that of reaction medium. McEwen et a/.2® studied the effect of the 
acidity of the reaction medium on the Schmidt reaction on five benzaldehydes (Table 


2), and confirmed the original claim by Schmidt that in the case of benzaldehyde. a 


Taste 2. PRODUCTS FROM THE SCHMIDT REACTION 
BENZALDEHYDES p-R——-C,H,CHO 


(According to McEwen ef a ) 


Ratio of 


Substituent 
sulphuric acid 


R 


to aldehyde 


low ratio of sulfuric acid to aldehyde gave principally benzonitrile, while increasing 
acidity promoted the formation of formanilide. They interpreted this behavior on the 
basis of the assumption that benzonitriles arose through elimination in the anti-H 
configuration of the iminodiazonium intermediate, and that formanilides arose 
through aryl migration in the syn-H configuration. In order to account for their 
results in these terms, they were led to the assumption that the less stable anti-H 
configuration was formed first, i.c., more rapidly than the syn-H configuration. This 


assumption is directly opposed to the generalization proposed at the beginning of this 


paper, and this Opposition must be resolved if we are to have a satisfactory overall 


concept of the operation of the Schmidt reaction 
Reference to the analogous behavior of benzaldoximes does not support the 
assumption that the anti-isomer is formed first in the Schmidt reaction, but adds strong 


See footnote following ref. 3 


*W. E. McEwen, W. I onrad and 4. Vander Werf, J. Amer. Chem. Soc. 74, 1168 (1952) 
*K. F. Schmidt, D. R , April 20 (1926) 


. 
— 
Nitrile Formanilide 
eo H 0-72 32 14 
5-4 10 
CH,O 0-72 86 0 
5-4 64 0 
15 48 
NO 0-72 72 2 
5-4 46 23 
CH (0-7? sO 6 
5-4 13 43 
Yields are based on aldehyde consumed, and include all derived substances 
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support to the assumption that nitriles arise by elimination. The syn-H oximes have 
been shown to be formed first®”' when benzaldehydes are oximated, even under 
conditions of acidity where the anti-H salts are more stable. However, aldoxime 
derivatives are indeed converted to nitriles readily by treatment with bases (conditions 
that do not promote the Beckmann rearrangement In general) = It would appear that 
nitrile formation from aldoxime derivatives Is a base-catalyzed elimination, which may 
occur from both the syn-H and anti-H forms, but more readily with the latter, which 
allows trans elimination. If these characteristics also hold for the Schmidt reaction on 
aldehydes, it is not necessary to postulate that the less stable iminodiazonium ton 
configuration is formed fastest, and the obsery ed facts can be accounted for in terms 
of an extension of the elimination concept. Elimination trom Ar-CH=-N—N, 
(Schmidt reaction intermediate) would be expected to be a far casier process than 
from Ar-CH==NOAc (oxime derivative), since the positive charge would promote 
the acidity of the hydrogen, and molecular nitrogen Is a much better leaving group 
than carboxylate ani night even under some conditions become an E, process 
ilfuric acid-« zed Schmidt reaction, the principal base available to 
aldehvde hydrogen and so form a nitrile is bisulfate ton At low ratios of 
ic acid to benzaldehyde and in the presence of sodium bisulfate, elimination 
more readily than at th igh atios. at which the formation of tormani- 


1oceul 
was found to be promoted. With elimination suppressed by the higher acidity, 
usual Schmidt rearrangement becomes more important, and since the syn-H 


suration. being the more stable, ts predominantly present, arvl migration ensues 


oduce ftormantiac 


Ar-NHCHO 


Two of the substituents, nitro and methoxy, had marked effects on the ratio ol 
nitrile to formanilide formed, each promoting nitrile formation The effect of the 
nitro group ts easily attr buted to an increase in the acidity of the eliminated hydrogen, 
and is in agreement with published observations ol the effect of substituents on other 
eliminations. of which the kinetic study of the base-catalyzed elimination (presumably 
cis) from N-chlorobenzaldimines (presumably sy -H) is perhaps the most pertinent,” 
and also to the retarding effect of the nitro group on aryl migration 

The reported effect of the methoxy group 1s anomalous, since this group usually 


retards eliminations An explanation fot depressed arv! migration, but not the 


complete absence of it, can be developed from a consideration ol the effect of the 


methoxy group in p-methoxybenzophenone ; as has been discussed in an earlier 
section, enhanced migration of the anisyl group ts observed, and may result in part 
from the ability of the p-methoxy group to promote acid-catalyzed interconversion 


H. Lindemann and K.-T. Tschang, Ber. Dtsch. Chem. Ges. , 1725 (1927) 
J}. Meisenheimer and W. Theilacker, Stereochemie (Edited by K. Freudenberg), p 974 et seq. Franz 
Deuticke, Leipzig (1932) 


»C. R. Hauser, J. W. Le Maistre and A. E. Rainsford, J. Amer Chem. Soc. 57, 1056 (1935) 
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between syn and anti forms. Since the anti-H form of the iminodiazonium ion would 
be expected to undergo /rans-elimination very much faster than cis-elimination from 
the syn-H form, a path would thereby be opened for nitrile formation to prevail 
markedly over formanisidide formation by aryl migration. Elimination via the less 
stable anti-H form would add only a small amount to the energy barrier, inasmuch as 
the energy difference between the syn and anti forms of aldoximes has been found to 
be of the order of | to 2 kcal.** Furthermore, increasing acidity of the medium, which 
for most benzaldehydes retards elimination, would in this case have in addition a 
counteracting effect, in the form of accelerating the interconversion to the much more 
rapidly eliminating anti-H form. In this way also, the intrinsically greater ability of 
the anisy! group to migrate would be overridden. The foregoing interpretation 
doxime 


receives additional support from the fact that neither syn- nor anti-anisa 
undergo Beckmann rearrangement to give formanisidide, both isomers giving solely 


anisonitrile or anisamide.'* 

Since the low material balance reported for the Schmidt reaction on anisaldehyde 
at the higher ratio of sulfuric acid raises the question of whether a considerable amount 
of formanisidide may not after all have been formed, and either lost by sulfonation or 
condensation with anisaldehyde, or diverted to tetrazole, we re-examined this experi- 
itative result of McEwen, er a/. that anisonitrile 


ment. We are able to confirm the qua 
or its hydrolysis products are the major products, and to state that the formation of 
although small. We isolated less than | percent of anisidine 


tetrazoles is rea 
(presumably derived from formanisidide), while the sum of anisonitrile and products 


from it amounted to ca. 72 per cent. Among these was 4°7 per cent of a basic solid, 
apparently identical with the N-anisoylanisamidine reported by Francis and Davis.* 
Examination of the aqueous mother liquor for non-extractable organic substances 
showed the presence of much diazotizable amine, presumably in the form of a sulfonic 
acid. Sequestering of formanisidide by sulfonation is not surprising in view of the 
fact that its ring is the most reactive of all those in the systems studied in the Schmidt 
reaction. Furthermore, experiments with formanisidide and anisaldehyde in simulated 
Schmidt reaction conditions showed that formanisidide does not survive, but under- 
goes conversion to anisaldehyde p-methoxyanil and then to sulfonation and hydrolysis 
products. We were also able to isolate 1-4 per cent of 1-p-anisyl-5-aminotetrazole 
(which could as well have arisen by a secondary reaction on anisonitrile as from initial 
migration of the anisyl group). While we were not able to assess quantitatively the 
production of substances derived from aryl migration, we can say that the Schmidt 
reaction on anisaldehyde should no longer be regarded as anomalous 

In summary, we can say that the mechanism for the Schmidt reaction on ketones 
proposed in 1948 can, when considered with insight, account for the many apparently 
anomalous phenomena that have been encountered since then, and that geometrical 
isomerism lies at the root of the causes of the observed ratios of amide isomers. The 
simplified interpretation in the form of the rule that that group migrates preferentially 
which has the greatest bulk in the neighborhood of the carbonyl group may have 
drastic exceptions where either conjugation or chelation come into play, and may owe 
its reliability in saturated aliphatic systems to the fact that migration aptitudes have 


their influence in the same direction. 


Popow, Bull. Soc. Chim. Fr. [4), 35, 137 (1924) 
M. Davis, J. Chem. Soc. 85, 1535 (1904) 


* W. Swietoslawski and M 
* F. E. Francis and O. ¢ 
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EXPERIMENTAL* 
Preparation of ketones o-Methylbenzophenone, b.p 128—130°/1-5 mm (reported® /2 mm) 
was prepared from o-tolunitrile and phenylmagnesium bromide. o-Ethylbenzophenone, b.p. 


~ 


108—111°/0-3 mm (reported®’ 165/18 mm) was prepared from o-ethylbenzonitrile, b.p. 79-5°/4-5 mm 
nv? 1-5229, d?* 0-9715 (reported™ b.p. 103°/19 mm, np! §232), and phenylmagnesium bromide, 
o-Ethylbenzophenone 2,4-dinit ophe nylhydrazone, prepared in the conventional manner, melted over 
a wide range even when freed from reactants Incomplete dissolution of this product in boiling 
alcohol left an undissolved portion which, after recrystallization from alcohol and ethyl acetate, 
gave orange needles, m.p. 174-178°5°. (t ound: C, 64-44; H, 4-69; N, 14-02. C,,H,.N,O, requires 
C. 64-60: H, 4.65: N, 14:35°,) 

1-Benzoylnaphthalene, m.p 75-76" (reported*® 75-5—76 ) was prepared from x-naphthylmagnesium 
bromide and benzonitrile and recrystallized from alcohol 

o-lsopropylbenzonitrile and 0-isopropylbenzamide The mixture of products from the mononi- 
tration*® of cumene at 25° was fractionated twice through a three-loot spinning-band column under 
reduced pressure, and a center cut of o-nitrocumene of constant boiling point, 112°/13 mm, and 
refractive index, 1-5248, was obtained (reported b.p. 115°/13 mm," ny 1°5248,"" 1°52420,* 
1-5259*), o-Nitrocumene was reduced in 90 yield with powdered iron and hydrochloric acid 
according to the method of Haun and Kobe* for mixed nitrocumenes, but using longer reaction 
time. The amine hydrochloride was recrystallized from benzene before further use and was converted 
in part to the free amine, b.p. 102°5 103-5°/12:5 mm, 1°5472, 0.9614 (reported* b.p 
102°/14 mm, 1°5494) 

A diazotized solution of 25-7 g o-isopropylaniline hydrochloride was neutralized and combined 
with a solution of cuprous cyanide.“ The addition was made as rapidly as possible in order to 
avoid excessive decomposition of the diazonium salt, and the mixture was kept at +0 all the time 
The stirred mixture was allowed to warm to room temp and finally heated on the steam bath until 
evolution of nitrogen ceased It was distilled with super-heated steam and ca. 21. of distillate was 
collected. Distillation of the benzene extracts of the steam distillate afforded 12-8 g (59°,) o-isopro- 
pylbenzonitrile, b.p. 101 104°/15 mm. A small portion was redistilled for analysis, b.p. 106/16 mm, 
nn 1-5144 (Found: C, 82:79; H, 7°55; N, 9°52. CyoH,,N requires C. 82-72: H. 7°64: N, 9-65° 

o-lsopropylbenzonitrile (8-2 g) was converted by 30°, hydrogen peroxide and alcoholic base 
to o-isopropylbenzamide (4 g 67 based on recovered nitrile), white needles, m.p 123-123-°5 , from 
petroleum ether (b.p. 90-100 )(Found: C. 73-73: H, 8-02: N, 8-59. CioH,,;NO requires: C, 73°59; 
H, 8-03: N, 858°.) 

o-lsopropylbenzophenone To a solution of the Grignard reagent from 12-1 g bromobenzene 
in 80 ml ether, prepared under nitrogen, a solution of 9-2 g o-isopropylbenzonitrile in 10 ml ether 
was added dropwise (3-4 min) at room temp. The mixture was heated under reflux for 1-5 hr and 
allowed to stand over-night at room temp. It was poured on ice, acidified with 50°, H,SO, and 
heated on the steam bath for 24 hr after the ether was removed. The organic layer was taken up 
in benzene and washed with dil sodium carbonate. Distillation at 0-6 mm gave 10°9 g (77 °<) of 
o-isopropylbenzophenone collected in two fractions: (a) b.p. 121-123 (1 7 g) and (b) b.p 123-5-124 
(9-2 g). A sample from the latter was used for analysis (Found: C, 85-47; H, 6°95. C,.H,,O requires 
C. 85-68: H, 7-19°.) 

* Melting points are uncorrected and analyses are by Spang Microanalytical Laboratory and by Mrs 


A Griffin and Mr. G. Kodama of the Department of Chemistry, University of Michigan 


it is quite reasonable to expect two stereoisomeric 2. 4-dinitrophenylhydrazones from o-substituted 
benzophenones; cf. similar derivatization of m-chloropheny! «-naphthyl ketone by R. S. Cahn, W. O. Jone 
and J. L. Simonsen, J. Chem. S 444 (1933). Separation of their mixtures may, however be considerably 
difficult. We have not been able to improve the melting range 184 190°, reported by M. S. Newman and 
C. D. McCleary. J. Amer. Chem. Soc. 63, 151 7 (1941). for e-methylbenzophenone 2,4 dinitrophenylthydra 
zon Likewise, from o ethylber zophenone only one isomer was obta ned relatively pure 


* 1. I. Lapkin and A. V. Lyubimova, Zhur. Obsh hei Khim. 19, 707 (1949): Chem. Abstr. 44, 1058° (1950) 
E. Bergmann, J. Ore. Chem. 4, | (1939) 

” HR. Snvder and G. I. Poos, J. Amer. Chem. Soc. 71, 1057 (1949) 

2° M. W. D. Cohen, Rec. Trav. Chim. 38, 120 (1919) 

* J. W. Haun and K. A. Kobe, /ndustr. Eng Chem. 43, 2355 (1951) 

‘1! H.C. Brown and W. H. Bonner, J. Amer. Chem. Soc. 74, 605 (1954) 

‘2 W_ G. Brown and H. Reagan, J. Amer. Chem. Soc. 69, 1032 (1947) 

48 C. Hansch and G. Helmkamp, J. Amer. Chem. Soc. 73, 3080 (1951) 

‘4H T. Clarke and R. R. Read, Organic Syntheses (2nd Ed.) Coll. Vol. 1, p. 514. John Wiley, New York 

(1941) 
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o-Isopropylbenzophenone 2,4-dinitrophenylhydrazones were prepared from fraction (a) of o-iso- 
propylbenzophenone. Approximately half of the crude product was dissolved in a limited amount 
of boiling alcohol containing a little ethyl acetate The undissolved portion was then recrystallized 
twice from alcohol and ethyl acetate, giving scarlet needles, m.p. 204 206-8° (Found: C, 65-32; 
H. 4-80; N, 13°67. sO, requires: C. 65:33; H, 4:99; N, 13-86). 

The portion of the product w hich dissolved in alcohol was recovered and again treated with an 
insufficient amount of boiling solvent. This time, however, the soluble portion of the partially 
dissolved material was retained. Repetition of this process finally afforded a minute amount of 
orange needles, m.p. 142-143° (Found: C, 65-46; H, 4:78: N, 14:18. requires: 
65-33: H, 4-99; N, 

It is not certain whether this lower melting 2,4-dinitrophenylhydrazone is a structural or geometri- 
cal isomer of the main product. 

o-Bromo-t.-butylbenzene Twelve grams of 2-bromo-4-nitro-t.-butylbenzene* was reduced in 
a Parr hydrogenator in the presence of 0-1 g Adams catalyst 80 ml alcohol and 10 ml conc HCl. 
\The vield of 2-bromo-4-amino-t -butvlbenzene hydrochloride* was quantitative, it was deaminated 
to o-bromo-t.-butylbenzene, mp’ 15438, as described by Crawford and Stewart.” 

In another instance, when a neutral alcoholic medium and a higher ratio of nitro-compound 
to catalyst were employed (19-5 g-O-l g), products resulting from incomplete reduction were also 
isolated. They precipitated from the reaction mixture as an orange solid (1 g), hich was separated 
by chromatography on alumina with pet ether (b.p 30-60°) as solvent into two compounds: 
3.3’-Dibromo-4,4 -di-t -hut ylazobenzene, orange, M.p 170-172° was eluted first (Ff ound: C, 53-28 
H. 5-36. requires: ©, §3-13; H, 5:35%) 
3.3'-dibromo-4.4 -di-t -hutylazoxybenzene, yellow, ™.p 135—136°, was eluted last. (I ound: C, 
50: H. 5:10; N, 5°98. N,O requires: C, 51 §3: H, 5°17; N, 5°98) 


o-t.-Butylbenzophenone, O-t -hut ylbe nzophe none imine and hydroc hloride. To a solution of the 


Grignard reagent from 8 g o-bromo-t -butvlbenzene in 40 ml ether was added at room temp 10 6g 
freshly distilled benzoyl chloride in 10 ml ether, causing vigorous ebullition and instantaneous 
precipitation of salts. The mixture was refluxed for 6 hr, then poured in iced water. The organic 
laver was shaken several times with 25 NaOH until removal of benzoyl chloride by hydrolysis 
was complete Distillation gave a forerun ol t.-butvlbenzene (27°%) and 59g (66°) o-t.-butyl- 
benzophenone, b.p 124-5—12 
aqueous methanol, melted at 71 72 (Found: C, 85-84; H, 7°66. ¢ »7H,,O requires: C, 85-67; 
H, 7°61") 


The addition of 4-2 zg benzonitrile to the Grignard reagent from 8-7 ¢ o-bromo-t -butylbenzene 


5°/0-4 mm, which gradually solidified and, after recrystallization from 


gave o-t butylbenzophenone imine, which was isolated as the hydrochloride (4°6 g, 42%), ™.p. 
248-250° after recrystallization from alcohol. (Found: C, 74°56; H. 7:45: 5.36. Cy-HeeCIN 
requires: C, 74°57; H. 7-36: N, 5:12%). The free imine, after repeated recrystallizations from 
light pet ether, m.p 59_59-5°. (Found: N, 5-84. C,;H N requires: N, §-90°,) 

The imine was not appreciably hydrolyzed to the ketone by refluxing in conc hydrochloric acid 
overnight. Likewise it was recovered unchanged in 95 yield after boiling in aqueous alcoholic 
potassium hvdroxide for 8 days 

o-t.-Butylaniline. o-Nitro-t -butylbenzene (13-5 g) prepared in 76°. yield by the deamination * 
of 2-nitro-4-amino-t.-butylbenzene,”" was reduced with hydrogen and Adams catalyst to o-t -butyl- 
aniline (8-5 g, 76°), b.p. 112°5°/6 mm, 0-9576, | $455 (reported** b.p 106°5°/10 mm 
ny 1°5453), alter isolation via the hydrochloride and distillation through a one-foot spinning band 
column at 13 mm 

Preparation of amides. The amides used in the preparation of calibration mixtures for the infrared 


* Both procedures given in ret 45 were used. Procedure I, which employs hypophosphorous acid as 
the source of the requisite acidity in the diazotization step, gave lower yields plus 17%, of buff colored 
1.3-bis-(3-nitro-4-t.-butylphenyl) triazene, ™ p. 187-189". (Found C, 60°13; H, 615 
requires: C, 60°13 H, 6°31") 

The triazene was not isolated when hydrochloric acid (Procedure II), a stronger acidic medium, was 


used during diazotizauion 


4° M. Crawford and F. H. C. Stewart, J. Chem. Soc. 4443 (1952) 

46 N. Kornblum and D. ¢ iffland, J. Amer. Chem. Soc 71, 2137 (1949) 
47 J. B. Shoesmith and A. Mackie, J. Chem. Soc. 2336 (1928) 

48 H.C. Brown and K. L. Nelson, J. Amer. Chem. Soc. 75, 27 (1953) 
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analysis were synthesized by standard methods from the corresponding acid chlorides and amines, 


unless otherwise indicated: o-toluanilide, m.p. 125—126° (reported 129-129-5°); benzo-o-toluidide, 


m.p. 142-5-143 (reported* 142-143"); o-ethylbenzanilide, m.p. 141 142:5': benzo-o-ethylanilide, 
53 146°). (Found: C, 79-88; H, 677; N, 616. Calc. for C,,H,,NO: 


m.p. 152-5-153 (reported 
C, 79-97; H, 671; N, 622°,); benzo-o-isopropylanilide, m.p 147-147-S° (reported™ m.p. 149°); 


m.p. 194-194-8" (reported”’ m.p 196 ) (also exists in another modification, 


benzo-o-t.-butylanilide 
162:5 (reported m.p. 160-161"); 1-benzamido- 


m.p. 190-190 5°); a-naphthanilide, m.p. 161 
naphthalene, m.p 159-161" (reported™ m.p. 159-160°) 
o-lsopropylibenzanilide, pt ‘ from o-isopropylbenzoic acid obtained by the method of 


Sudborough,™ had m.p. 13 (Found: C, 80-16; H, 7-07; N, 5°88. C,,H,,;NO requires: 
C, 80-30; H, 7-16; N, 5-85 


and phenyl isocyanate. (Foun , ; H, 7-47; N, 5-50. C,;H,»NO requires: C, 80°57; H, 7°56; 


was prepared from o-t -butylphenylmagnesium bromide 


N_ 
Schmidt reactions The procedure used, unless otherwise 

1 0-028 mole conc sulphuric acid | 


stated, was to add 1-0 ¢ solid sodium 
n 25¢ 


mort 
| 


fused t irily made over 3-9 hr, and the 
reaction had ceased. The 
products with ammonia or 
dil alkal and freed of unreacted 
ketone ¢ When the nitrogen 
amides the mixture 


nout turther purification 
gave 1:70 ¢ amides (Found 
ether wash) presumed to be 
¢ (Found: N, 6°65°,) 
g amides (Found: N, 6-28 


Calc d and ul wash). With an addition 
time tion (Found: N, 
of amides and ketone, which was not considered 


addition time 2°30 ¢ amides was obtained, 
for C,,H,-ON: N,5-85°.). With an 

ther sample of o-isopropylbenzo- 

mixture of amides and ketone 


follows. Sodium azide 


{ the ketone (m p 705-72 
acid in 100 g trichloroacetic 


acid asified. The precipitated 
solid was the ¢ aporated ether extracts 
of the aqueous atographed over alumina (300 g) 
Unreacted rene. After a clean break, during 
which the solvent roform and en to absolute alcohol, an “amide 
fraction” was eluted w and consisting of brown semi-solid material 
By recrystallizati from a r. 0-063 ¢ of almost white solid was 
obtained The unreclaimed as chromatographed again in the same manner 
The first fraction (0-01 g) ¢ al soluble in pet ether and was discarded. It was 
followed by fraction ntaining a i 1 and. later, oil which could be induced to crystallize 
by treating with benzene pet ether and seeding The combined yield of all crystalline material 
from the “amide fraction wus raised to 0-118 ¢ (Found: N, 601, 6°03. Calc. for C,-H,.NO 
) It is possible that it was contaminated with some sym-phenyl-o-t-butylphenylurea 


Brickner, Liebig fan. 205, 130 (1880) 
von Braun. O. Bayer and G. Blessing, Ber. Disch. Chem. Ges. 57, 392 (1924) 


P. Grammaticakis, Bu Sec. Chim. 134 (1949) 
? M. Betti and A. Beccioloni, Ga Chim. Ital. 4511), 224 (1915) 
nich and A. Loeser, Ber. Disch. Chem. Ges 60. 32? (1927) 


J Loever cl 
+ J. J. Sudborough, J. Chem. Soc. 67, 602 (1895) 


was used in the spectrophotometric determination of isomer ratios 
With an addition time of 2:75 hr, 1-96 ¢ o-methylbenzophenonce 
N, 6-62. Calc. for C,,H\,ON: N, 663°), and 0-26 g of yellow oil ( 
unreacted ketone. With an addition time of 9 hr, the yield of amides eae 
} 7.10 +} idit f 4-5 hr oa 
Fey 
further 
From 2:24 o-1sopropyvibenzophenone with hr 
‘ after purification by steam distillation (Found: N, 58 
be) addition time ol hr and the same method of purl 
; phenone gave 2:23 g amides Found: N, 605 and 
“= The Schmidt reaction of o-t.-butylbenzophenone was performed eC 
(3-4 @) was added in small portions during 76 hr to a solution of 3-4 g : 
4 
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(Calc. for C,;HapNe: N, 10°5°%) 
nation. The isomer ratio obtained thereby should be considered only as a very rough estimate. 


The infrared spectrum of the product disclosed ca. 20°, of contami- 

1-Benzoylnaphthalene (2:32 g) with an addition time of 8 hr gave 2:42 g amides (washed with 
pet ether b.p. 90-100") (Found: N, 5-67. Calc. for C,;H,,NO: N, 566%) 

Oximations and Beckman rearrangements. The oximations at 118° were performed by maintaining 
at a gentle reflux a solution of 0-01 mole ketone and | 0 g hydroxylamine hydrochloride in 10 ml 
pyridine (the temperature of the refluxing liquid was 118 2°). After pouring in water, crystallization 
of the oily oximes was facilitated by acidifying with dil hydrochloric acid and was usually complete 
in two to 3 hr. The solid oximes were filtered, washed with water and dried. They were rearranged 
at room temp in benzene solution by the addition of 3 g phosphorus pentachloride in 3 portions 
during } hr. After 3-8 hr, the mixture was decomposed with water, the benzene was evaporated and 
the crystalline amides were filtered and washed with water. Occasionally they were washed with 
IN NaOH to remove unreacted oximes, but a significant amount was never found. After drying, 
the amides were washed with light pet ether to remove unreacted ketone ; 

Oximation of 1:96 g o-methylbenzophenone gave 2-03 g (96°) of oxime which afforded upon 
rearrangement 1-99 g amides (Found: N, 6°62. Calc. for C,,H,,;ON: N, 663°) 

From 2-10 g o-ethylbenzophenone 2-18 g (97°,) of oximes was obtained, giving 2:11 g amides 
upon rearrangement (Found: N, 6°18. Calc. for C,;H,,ON: N, 6-22°%) 

5.29 


Oximation of 2:24 ¢ o-isopropylbenzophenone gave (97°.) oximes, which was converted 


to 2:29 g amides (Found: N, 5-89. Calc. for C,,H,-ON: N. 5-85°) 


The oximes from 1-benzoylnaphthalene (2:32 g) did not completely crystallize after standing 
for 8 hr in the refrigerator, but did so when kept an additional 3 hr at room temp. The yield of 
amides was 2-05 g (Found: N, 5-41. Calc. for C,-H,,ON: N, 5-66°%) 

The oximations at 60° were performed in a similar manner, using an oil bath at 60 2, and were 
allowed to proceed for 12 days. In anticipation that the presence of unreacted ketone might render 
difficult the crystallization of the oximes, the reaction mixtures were decomposed with water and 
then extracted with benzene. The extracts were washed with 10 HCl, then with a solution of 
sodium chloride until free of acid, and dried over magnesium sulphate. The Beckman rearrangement 
was performed without isolation of the oximes. The result ng amides were treated as above 

In this manner 1-97 g o-methylbenzophenone gave 1-97 g amides (Found: N, 6°54°%). o-f thyl- 
benzophenone (2°10 g) gave 2-08 g amides (Found: N, 624°) o-lsopropylbenzophenone (2-05 g) 
gave 1-64 g amides (Found: N, 5-82°,) and 0-42 g ketone, left as an amber oil upon evaporation 


of the pet ether wash 


Determination of isomer ratios. The ratios of isomeric amides were determined by infrared 
analysis, using 5 (w/v) solutions in chloroform, matched 0-1 mm sodium chloride cells and a 
Perkin-Elmer Model 21 Infrared Spectrophotometer. Calibration mixtures were prepared from 
pure samples of the amides and measurements were made at several selected frequencies { priori 
weights were assigned to the measurements at each frequency based on the rate of change of the 
transmittance with composition and the reproducibility of the transmittance readings. The value 


of the ratio was taken as the average of the values obtained at various frequencies. In general the 
weighted averages differed less than one percent unit from the unweighted. The following frequencies 


were used for the products of each ketone: o-Methylbenzophenone: 1602, 1473, /478, 1443, 1317 


1 


and 702 cm o-Ethylbenzophenone: 1595, 1463, /452 and 1315 cm 
1594, 1580, /466-8, 1450, 1314 and 700 cm o-t-Butylbenzophenone: 1602, 1580, 1475 and 


1315cm~*. 1-Benzoylnaphthalene: 1596, /485, 1460, 1438, 1344, 1313 and 700 cm The italicized 


o-lsopropylbenzophenone: 


frequency was the most sensitive 

Schmidt reaction on anisaldehyde To 23-4 ¢ sodium azide overlaid with 225 ml “reagent” grade 
benzene was added 55 ml conc. H,SO, dropwise, while the temp was kept between 10 and 15 
The sulphuric acid was then followed by 20-4 g anisaldehyde (Eastman “White Label”), also added 
dropwise at 10-15", and the mixture was stirred at room temp for 2 hr more, heated at ca. 45° for 
l hr, and then decomposed with ice. The resulting yellow-brown precipitate was filtered off and 
washed with benzene and water; wt. 17-02 g. This material was then swirled with 250 ml 2° NaOH 
solution at room temp; the dull yellow residue of crude anisamide weighed 14 g, m.p. 157-162 
Recrystallization from acetone gave successive crops of glassy crystals of anisamide, m p. 167-168 


(reported® m.p. 166-5—167°5°), total wt. 12-3 g 


Bamberger and N. Pemsel, Ber. Dtsch. Chem. Ges. 36, 371 (1903) 


: 
4 
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Concentration of the mother liquors and crystallization of the residue alternately from methanol 


and acetone gave 0-24 g of prisms, | 231-233° with effervescence, an approximately equal quantity 


of the same material of lower purity, and 0-31 ¢@ (1-5°.) of N-anisoylanisamidine, m.p. 156-158 


undepressed when mixed with a sample trom another fraction of the reaction mixture (vide infra) 
(Owing to the closeness of th n nf 2~167-1 and anisovlanisamidine, 


m.p 162-163", cannot be ling wit al hen not highly purified, and the identities 
reported in the following 4riptior re in all cases confirmed by mixed m.ps.) 

The anisamide, but its infrared 
spectrum (Nujol mul iff rom it ¢ { 0, 3040-3160, 1685 shouldering 
on 1615 , 1815, a l m 2 3170-3250, 1605 (plus weak, broad 
shoulder in 1650-1720 regu . 5. 1465 cn plus additional differences at lower frequencies 
H.O.N requires H, 600; N, 927). Hydrolysis 
HC] gave 0-05 181-182 1 2 (reported 
strongly basic th potassium hydroxide, heated for 4 hr, 


1c 7-p-anisidide, or any other isoluble 


immediate precipitate The mixture 


The solid so obtained was crude 


authentic anisic acid) total yield 


pure, solid, neutral 
Although 

hydrate of anisoy!l- 
solution) was separated into 
JUCOUS } were 


mr 


es prec nitated 


) antsamide 


diluted reaction mixture 
ym the benzene layer and 
made basic with 

wt. 02 2. m p 150-160 
cita small amount of crude 


was then acidified, treated with 


was diluted to ca. 20 ml, heated ear boiling, and filtered See 
anisic acid. wt. 0-03 g, m.p. 174-179° (180-182° when mixed with is ale : 
é Recrvystallizat $ crop I carbo tetrac ride gave 0O-O15 g, m.p 1/2 183 
: (When the hydrolysis was carried out with hydrochloric acid y, treatment of the filtrate from the eo 
first croy i c with ovl chloride and D ate 
: substance p. 159-164 vhich iV ve been crude dianisamide, ret 
* the ; and hydrolysis of the substance of m.p. 231-233° corresp a 
d port f the original reaction xture (benzene-watet 
its | ind is is extracted with ether The comb > 
stand ermegnt t letec inreacted anisaldehyde, but only 
cry \ 2-§ 4 er xlure it ar imude 
ic tf rate with water \ ul nitrile 
| c wa ilk cd wit 1 muxture 
ck ‘ 
Rx 4 | < CTOT 
wt. f 63° C, 67°63; H } N, 9-74. Calc. for C,,H,,O,N 
H | ( ecu N fa nple recrystallized frot 
146° Hy wit Hie eral hours gave O-115 ¢ (98 
extt CT tedly cr lreat the . th be 
chioride yO of that did elt ind d not be purified 
+a t was ble u | ordinary Extraction of the combined chloroform-—cther layers with 
ee dil HCl a irca ent of the acid extract th be vi chioride d alkali gave 0-39 ¢ crude solid 
mf whic ie 0-10 ¢ (0-3 benza dide, m.p. 158-160, after recrystallization trom 
aico acid-washed chiorototr ether solution gave O-ll (0-4 | 
m.p. 164-1¢ 
in ar cr experiment conducted similarly wit 10-4 ¢ anssaldchyd 
oe from which the precipitated anisamide had been filtered was separat 
freed of hydroger DY cConcentratior nm an air strean The sol 
: sodiu ydroxide and filtered from a grey-brown, crystalline preciy 
and extracted with 6 port s benzene I iporat the extract 
dark anisidine, m.p. 70 4 portion of the aqueous solution [ii - 
id 
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sodium nitrite and then with sulfamic acid, and coupled to alkaline naphthol; a deep red-purple 
dye was produced, which stayed in solution while it was alkaline, but was precipitated 
by acid 


The crystalline material of m p. 150-160° was recrystallized from hot water and ethanol to obtain 


a pure sample, m.p. 201-202° dec (reported® for 1-p-anisyl-S-aminotetrazole, m.p. 209-210°), which 


reduced Tollens’ reagent slowly when heated (Found: N, 36-29. Calc. for C,H,N,O: N, 36-63%). 


W. G. Finnegar A. Henry and E. Lieber, J. Org rem. 18, 779 (1953) 
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ON THE PREPARATION AND HALOGENATION Ol 


Bicke.. J. KNOTNERUS, I KOOYMAN* and G. C. VEGTER 
Reseal 


Abstract the rf of nat nsatlior ethylene and 

bicyclol3,2,1] 

lamong 

+} thvlene 

MCiNyicne 


lecreased al increasing temper 


removal 1s 
clo[2,2,1}- 


a 


octane, 


In Part I two of us' described the halogenation of bicyclo[2,2,|}heptane, using various 


free-radical met! n iinuat! this work the preparation and properties of 
bicvc Ol. 

Model consideratior iweest thi his | ane has a rigid structure, while its 
bond angles are probab tetrahedral values. It seemed of interest, 

to compare its h e of the also rigid but highly strained 

bicycloheptanc 

Bicyclo[2.2.2)octane was synthesized ld and Stein, who started from 
cyclohexad and he corresponding bicyclene was also first prepared 
by indirect methods, starting from lohexadiene-!.3 and ethyl acrylate 


Walborsky and Loncrini were the first to report the direct synthesis of bicyclo- 


[2,2.2}octene-2 from cyclohexadiene-|! ,3 and ethylene ;* the same reaction was reported 


independently by Hine ef a 


lhe chemical behaviour of bicyclo[2,2,2}octane does not seem to have been studied 


so far; several derivatives have been prepared by indirect methods, however, e.g. the 


l- and 2-halides.* 


present article the 
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sroups in the latter are somewhat more reactive. Reactivity ratios - 
react y of eid nositions in bicvclo-octane towards hydrogen 
np ns trast to the situatio hic 
I t re r flexil y of the bicyc ctane skeleton per 
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The present paper mainly deals with the preparation and halogenation of bicyclo- 
(2,2,2Joctane, starting from the above direct synthesis of the bicyclene; in this 


reaction, an isomer appeared to be formed under acidic conditions, viz. bicyclo- 


(3,2, Joctene-2. 


Diels—Alder condensation of cyclohexadiene-\.3 and ethylene 


Bicyclo[2,2,2joctene-2, m.p. 112-113", b.p. 134°, was prepared in a glass-lined 


autoclave according to Hine et a/.°- When an unlined steel autoclave was used, how- 
ever, a different olefin having the same boiling point but melting at 43-45° was ob- 


tained as the main product; catalytic hydrogenation of this material yielded a bicyclo- 


octane melting at 136-137-5° (the melting point of bicyclo[2,2,2Joctane is 174°). 


Literature data on the melting points of bicyclo[3,2,l]octene and -octane suggested 


that the compounds prepared in the steel autoclave were the [3,2,1]-isomers. Con- 


clusive evidence to this effect is presented in §2. 


Bicyclo[3,2,1 Joctene has also been mentioned by von Braun and Reitz'® but these authors probably 


obtained it in admixture with bicyclo[3,3,0Joctene, since hydrogenation produced a liquid; pure 


bicyclo[3,2,lJoctane melts at 141° (cf. Birch et a/."") 


The above difference could be attributed to acid-catalysed isomerization of the 


normal Diels-Alder condensation product, since the addition of a small amount of 


pyridine led to the pure [2,2,2]-isomer even when an unlined steel autoclave was used. 


Moreover, the latter olefin could be rearranged to the [3,2,1]-isomer when heated to 


the reaction temperature of the Diels-Alder addition (250°) in the presence of moist 
ferric chloride in a glass-lined vessel; it appeared to be stable at this temperature in 


the absence of the catalyst 


Probably, our cyclohexadiene contained traces of organic bromides (e.g. bromo- 


cyclohexene) formed from the starting material dibromocyclohexane: these in turn 


produced some ferric bromide in the unlined steel vessel. 


2. Proof of structure of bicyclo{3,2,\\octene-2 by oxidative degradation 


Alder et a/., who prepared bicyclo[3.2.1 ]octene-2 along different routes, established 
prep 


its structure by ozonolysis.'* We employed the following method 


Oxidation with potassium permanganate yielded a dicarboxylic acid C,H,,O,, 


which had been also obtained by Alder ef a/. upon ozonolysis of bicyclo[3,2,1}octene™ 


as well as by oxidation of bicyclo[3,2,1octanol-2. Further oxidation of this acid by 


means of chromic acid in glacial acetic acid produced cyclopentane-cis-1 ,3-dicarboxylic 


acid, identical with a reference sample prepared by permanganate oxidation of 


bicyclo[2,2, | |heptene-2 


Bicyclo (2,2,1] - 
heptene -2 


Bicyc o| 
octene -2 


' J. von Braun and J. Reitz, Ber. Disch. Chem. Ges. 74, 273 (1941) 

“SF. Birch, R. A. Dean, N. J. Hunter and E. V. Whitehead, J. Org. Chem. 22, 1590 (1957) 
K. Alder, H Krieger and H. Weiss, Chem. Ber. 88, 144 (1955) 

"™ K. Alder and E. Windemuth, Ber. Disch. Chem. Ges. 71, 2404 (1938) 


A 
CH, -COOH 
COOH 
KMnO, 
COOH COOH 
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Oxidation of bicyclo[2,2,2 
lic acid besides other products. 
On hydration with 60 per cent sulphuric acid, bicyclo[3,2,1octene gave the known 
bicyclo[3,2,1Joctanol-2, w hich was also obtained by Newman and Tien Yu on 
514 


hydration of bicyclo[2,2,2 joctene-2 


3. Chlorination of bicyclo|2,2,2 joctane 

Chlorination reactions were carried out in carbon tetrachloride solution at 30°, 
using molecular chlorine as the reagent and light as the initiating agent. Cony ersions 
were about 30 per cent. 

Chlorination products could not be readily separated from the parent hydro- 
Reaction mixtures were therefore analyzed by infra- 


chlorobicyclo| 
bicyclene 4,7 
according to Sayigh.” 

Results are given in Table |. 

Thus in bicyclo-octane the two bridgehead positions are about equally reactive 


with regard to hydrogen abstraction as the six methylene groups, 1.¢. the tertiary 


hydrogens are about six times as reactive as those in secondary positions. 


4. Competitive halogenations of bicyclo[2,2,2\octane and cyclohexane 

Equimolar amounts of the two hydrocarbons in carbon tetrachloride were reacted 
with molecular chlorine and bromine at 5 and at 80°. Conversions were about 10 
per cent and ultra-violet light was the initiating agent. The products were analyzed 
by gas-liquid chromatography, which under our conditions failed to distinguish 
between the 1- and 2-halides of bicyclo-octane. Results are given in Table 2: 

General trends appear to be similar for the two bicyclanes, relative reactivities 
being of the same order of magnitude and decreasing with increasing temperature. 


DISCUSSION 


1. Jsomerization of bicyclo{2,2,2] to (3,2,1}octene-2 and related reactions 


According to Walborsky* these rearrangements should proceed through an inter- 
mediate or transition state of the non-classical ion type (B), formation of which ts 
preceded and/or followed by that of a classical ion (A, C). In terms of this concept, 


the isomerization of bicyclo[2,2,2Joctene-2 may be described as follows: 


+ 


Bicyclo [2,2,2] - Clossico! Intermediate or Classico! Bicycio [3,2,! 
octene — 2 [2,2,2]-2 transition stote [3,2,i] -2 octene -2 
: von (A) (B) ion(C) 


4M. S. Newman and Y. Tien Yu, J. Amer. Chem. Sox 74, 507 (1952). 


1A 
red and mass spectrometry after removal of the solvent. Spectroscopic standal e is 
used for both methods consisted of pure samples of (a) bicyclo| .2,2]octi \ oe 
ling 
é 
+ 
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TABLE 1. CHLORINATION OF BICYCLO[2,2,2]OCTANE 


Analysis* 
Products 


Infra-red Mass spectrometry 


74% 
16°, 


14° 
Trichloro compounds 


* Mean values from several runs 


TABLE 2 
CYCLOHEXANE COMPARED WITH THOSE OF BICYCLO[2,2,1]HEPTANE 


AND CYCLOHEXANE 


Relative reactivities 


Halogenating 
Temperature 


-octane) Ki (icycloheptane) 
agent 


yclohexane) K (yclohexane ) 
(a) (b) 


Cl 
Cl 


0-96 0-05 
0-69 0-03 


0-6 
Br 


log (R,Cl) CR,H)) 
(a) A, /A 
(R.C1)/(R.H),) 


vo hydrocarbons and (R,C1) and (R,Cl) the final 
of the monohalides. Data given 
(b) cf. Part 1.! 


where (R,H), and (R.H) 


are the initial con 
centrations of the concentrations 


are mean values from at least four runs 


Other examples of the rearrangement A —> C are the isomerization of the bromide 


under the influence of silver bromide’ and the acid-catalysed hydration of bicyclo- 
2 2joctene-2" 


to give the same carbinol as the [3,2 
alcohol. 


,l]bicyclene, viz. the type C 

Since these reactions are probably reversible, product compositions should be 
controlled by thermodynamics. In the derivatives of type A, substituents are neces- 
sarily in the crowded axial position; in the type C compounds, the six-membered 


ring has the chair conformation, which permits a substituent to occupy a favourable 
equatorial position (D) 


( Axial , 


(Equatorial, “endo” ) 


Axial and equatorial directions in a substituted bicycio | 3,2,! octane (0) 


: 
1-Chlorobicyclo[2.2.2loctane 5% | 
~24° 
50 | 
/o 
ND 
q 
et 80 0-79 
1-02 
: 
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to the relieving of strain involved in the formation of a cyclohexene ring having the 
“*half-chair” rather than the “half-boat” conformation; here, too, the equilibrium lies 
far towards the side of the [3,2,1]-isomer. 

So far, no definite experimental data appear to be available as regards the geometry 
of the 2-substituted bicyclo[3,2,lJoctanes. According to the above reasoning, the 
substituents should be in the equatorial positions, i.c. away from the methylene 
bridge.* It may be noted, however, that the solvolysis of bicyclo[2,2,1}heptyl-2 
halides or esters leads exclusively to exo-products.*:'® This is what would be expected 
for a kinetically controlled process through B, which should produce the exo or axial 
C derivative, although this position is less favourable thermodynamically. 

In various other instances, however, the skeletal rearrangement A —> C does not 
occur.® Thus, the brosylate of A on solvolysis yields the carbinol of A: addition of 

Further, 2-aminobicyclo- 


bicyclo[2,2, Jheptene-2, 


octene-2 give non-rearranged products. 


On the basis of many of the above data, Walborsky supposed that the ion A would 
step A-— > B being relatively 


rearrange only when its lifetime was sufficiently long, 


slow. 

Doubt as regards this plausible hypothesis arises from the fact that the opposite 
rearrangement has been observed, bicyclo[3,2,lJoctene-2 reacting with acetic acid 
containing some sulphuric acid to produce mainly the acetate of A. In our opinion 
this means that B reacts preferentially and irreversibly with acetate 1on or acetic 
acid in such a fashion that the thermodynamically unfavourable -acetate 1s 


formed. Therefore, failure to rearrange in reactions of type A derivatives may be due 


at least in part to kinetic control involving a reaction of the intermediate B and need 
not be attributable exclusively to the slowness of the step A-> B as assumed by 
Walborsky. Apparently, this point requires further experimentation. 


4 Halogenations of bi velo| Jou fane 


The higher reactivity of tertiary hydrogens compared with secondary ones con- 
trasts with the very low reactivity of the bridgehead positions in bicyclo[2,2,1}heptane. 
Apparently, the bicyclo-octane molecule is sufficiently flexible to permit the near- 
planar configuration at the bridgehead required for a favourable transition state. 
The bridgehead bromide, however, 1s reported to be about 10° less reactive in 
solvolysis than t-butylbromide, though much more reactive than 1-bromobicyclo- 
{2,2,1}heptane.'” This would indicate that the transition state in a solvolysis reaction 
has a greater sensitivity as regards deviations from “planarity” than that in a hydrogen 
abstraction by atomic chlorine. In the latter reactions only little bond-breaking may 

* In a paper on “cis- and trans-bicyclo[3,2,1}octanol-2" by A. A. Youssef, M. E. Baum and H. M 


Walborsky, the preference for the equatorial form of the alcohol is demonstrated experimentally, the 


equatorial axial ratio being about lg at equilibrium 


5 J. D. Roberts, W. Bennett and R. Armstrong, J. Amer. Chem. Soc. 72, 3329 (1950) 

* S Winstein and D. Trifan, J imer. Chen Soc. 74, 1147 (1952) 

17 W. von E. Doering, M. Levitz, A. Sayigh, M. Sprecher and W. P. Whelan, Jr., J. Amer. Chem. So 75, 
1008 (1953) 


Similarly. formation of the [3.2.1 }bicyclene from the [2,2,2]-isomer should be due a 
a 
= (2,2,2]}oct nd nitrous acid give the non-rearranged carbinol. As in the case of ee ae 
free-radical additions at the double bond in bicyclo[2,2,2]- 
= well uces type \ produc ts et a 
: 
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be necessary to reach the transition state and this would then be subject to little 
strain at the bridgehead.'* 

As pointed out in Part I,' the activation enthalpy for hydrogen removal from the 
methylene groups by a chlorine atom is probably lower in bicyclo{2,2,1}heptane than 
in cyclohexane (cf. Table 2). 
here, a numerical comparison cannot be made from the data because of the appreciable 
contributions from the tertiary hydrogens (Table 1). The lower overall reactivity of 


bicyclo| 


2,2,2]octane compared with cyclohexane (Table 2) is apparently due to a lower 


entropy factor, the reason for which is not obvious. It may be noted that the acetolysis 


rate of bicyclo[2,2,2]octyl-2-brosylate is appreciably greater than that of the cyclohexyl 


ester;'® here, the strain should be relieved to a larger extent among other things since 


the brosylate group is more bulky than a hydrogen atom. 


EXPERIMENTAI 


] Preparation of bic ve lol 3,2 Jou lene -2 and bic ve lo{2 tene-2 


A 2-litre steel autoclave, containing 103 g cyclohexadiene-1! 3 prepared as described by Hine ef al.° 


was charged with ethylene to a pressure of 50 atm. The reaction vessel was set in rotation and kept 


at 280 20° for 34 hr. Distillation of the contents yielded 25 g of a liquid with b.p. 133-135°, 
Ny 1-4793; di; 08961. This liquid was dissolved in 30 ml methanol and cooled to —60°. The 
crystals formed were recrystallized from pentane and finally sublimed, m p. 43-45” (lit'* 47°) 


Ozone absorption indicated the presence of 0-98 double bond per molecule calc. for C,H, 
(Found: C, 88-8; H, 11-4; calc. for C,H C, 88-9; H, 11-1°%) 

rhe crystalline material was hydrogenated in ether-acetic acid over a Pt catalyst at atmospheric 
pressure to yield bicyclo[3,2,1]octane, which after repeated sublimation melted ; 5°. Before 


sublimation infra-red and mass spectrometry indicated the presence of not more than 3 of bicyclo- 
2,2,2joctane and 5 of ethylcyclohexane. The pure compounds were used as spectroscopic 
standards 

When the Diels—Alder reaction described above was carried out in the presence of about 1-0° 
molar of pyridine the white, solid bicyclo[2,2,2joctene was obtained, boiling at 133-135°, m Pp 
98-106 after sublimation from P.O. the vield was 20 ind m.p 


On heating 10 ¢ bicyclof2.2.2}oct wit g moist rk oride for 5 hr at 250°, a mixture 


rhe anal 


of 37° of the {2,2,2] [3.2.1] 


and 63 } ysis of this mixture was 


carried out with the aid of mass spectrometry 


2. Hydration and oxidation of bicye lol 3,2 lljoctene 2 
The bicyclo[3,2, Joctene 2 crystals m p 43-45 were hydr ited with diluted s ilphuric acid, as 


described by Newman et a/."* for bicyclo[2,2,2Joctene. The reaction product, bicyclo[3,2,1}octanol-2, 


was sublimed repeatedly, finally from anhydrone hen its m.p. 187 and those of its phenyl- 


urethane (126°) and p-nitrobenzoate (79-5-81°) v > In agreement w lose Mentioned in the 


literature.'*'* The melting points were not lowered by admixture with bicyclo[3,2,1Joctanol-2 and 


derivatives, respectively, which were prepared from bicyclo[2,2,2Joctene-2 according to Newman 


et al." 

rhe oxidation of bicyclo[3,2,1]octene with potassium permanganate was carried out according to 
the method used by Birch ef a/ A solution of 2 g of the crystals m.p. 43-45" in 10 ml iso-octane was 
poured while stirring witha vibrating mixer into a 2-litre beaker containing 150 ml water. A solution 
of 7:5 g potassium permanganate in 225 ml water was added as fast as decolorization occurred; the 
temp was held below 50 lo keep the solution neutral, a steady stream of carbon dioxide was passed 
in. After the end of the reaction, sulphur dioxide was passed in to bring the precipitated manganese 


dioxide into solution. The solution was acidified with sulphuric acid and exhaustively extracted with 


'S e.g. G. A. Russell and H. C. Brown, J. Amer. Chem. Soc. 77, 4031 (1955) 

‘® Unpublished results by H. M. Walborsky and M. Baum as quoted by A. Streitwieser, Chem. Rev. 56, 
571 (1956) 

*°S. F. Birch, J. W. Oldham and E. A. Johnson, J. Chem. Soc. 818 (1947). 


235 
iy 
after hydrogenation 
\ 
‘ 


A. F. Bicxet. J. KNornerus, E. C. KooymMan and G. C. VEGTER 


ether. The ether was dried over sodium sulphate After evaporation of the ether, a solid residue 


remained with m.p. 118 130° (22 ¢). ¢ rystallization from benzene yielded 1-8 ¢ (60°,) white crystals 


m.p. 138 139° 139°"*) 


Titration indicated an equivalent weight of 86; calculated for ¢ .H,.0O,: 86 


A solution f t dicarboxylic acid and 2 ¢ CrO, in 100 ml acetic acid was heated on 


the stear atl I ution became ¢ n ve acetic acid was removed in vacuo and the 


solid res benzene. Its m.p., 117-119", was not 


depressed int tu cl pentanedicarboxylic acid m 118-119 
obtained by oxidat 
3. Chlor 

carbon tetrachloride and brought 


as irradiated with ultra- 


resper 


Bromation exper 


A 
| 
ie to 28°. 17 ml 1-805 N Cl, in CCI, (15 mmoles) was added and the mixture ws a 
viol After decok cd an e tem rise 
rhe tetr re ed er red res re and a solid residue of 
nethod 
remained. This residue was analyzed Dy | a-red and iss-spectrometrical Methods 
ag 
, nreseur te til the residue had a 
tetrac e was er reduced pt 
volume Phis re gray gac 
i¢ ster on t i140) ray detect Hydrogen was used as 
the carrn 
The evraicd Dicye ocry chioride CYCIONERY or cre ane < | 
The e motar ere 279/144 ivsa other words, nie | 
19 Ploct i 5] xv! chloride, hence 
muxture cs + ‘ ctvi ¢ c ‘ eve cme 
0-51 2-94 
1-04 
A 0-49 2-94 
iments were carried out analogously 
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Abstract—-Kuromatsuene and longifolene are identical wit! junipene, and kuromatsuol and 


longiborneol are identical wit! inipero! 


Mattson’ described a sesquiterpene C,,;H,, called junipene and a sesquiterpene 


alcohol C,;H,,O called juniperol from the bark of Juniperus communis L. The 


well defined crystals of the latter had already been subjected to a crystallographic 


study by Ramsay." 


Later Shinozaki described a sesc 


uiterpene kuromatsuene isolated from the root 


oil of Pinus thunbergii Parlatore (Kuromatsu)’ and Akiyoshi isolated both kuromat- 


suene and a sesquiterpene alcohol, kuromatsuol, from the same tree.4 These papers 


have remained almost unknown but it can be seen from Tables | and 2 that the physical 


constants of kuromatsuene and kuromatsuol are similar to those of Mattson’s 


junipene and juniperol 


During an investigation of the leaf oil of Cupressus macrocarpa Hartweg, Briggs 


and Sutherland® isolated the sesquiterpene alcohol macrocarpol, which later was also 


obtained from the heartwood of Dacrydium cupressinum, Solander (Rimu), by Brandt 


* Part XXV, Acta Chem. Scand. in press 


G. Mattson, Bidr. Finl. Nat. H 72, 1 (1913) 
= 2H. Ramsay, Z. Krvst. Min. 46, 281 (1909) 
* E. Shinozaki, J. /Jnd. Chem. Soc.. Japan 763 (1918) 
*S. Akiyoshi, Rep. Imp. Ind. Res. Inst., Osaka, Japan 17, No. 10 (1937) 


L. H. Briggs and M. D. Sutherland, J. Org. Chem. 7, 397 (1942) 
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and Thomas.® This sesquiterpene alcohol was, subsequently, shown to be identical with 
juniperol by Erdtman and Thomas.’ 

During the course of an investigation of the sesquiterpene fractions of the oleoresin 
of Pinus densiflora Siebold et Zuccarini (Akamatsu) and of Pinus Formosana Hayata, 
kuromatsuene and Luromatsuol were isolated by one of us (T. K. with T. Tsutsui 
unpublished. Compare also Ito and Matsumoto).* These compounds have now 
been shown to be identical with junipene and juniperol respectively which were 
isolated from a sample of the bark oil of Juniperus communis L. At the same time a 
close similarity was noticed between the reported | physical constants of longifolene 
and longiborneol and those of junipene and juniperol 

Longiborneol (111) was prepared hy Naffa and Ourisson starting [rom longifolene 


(1) which was conve | into longibornyl bromid e (11) and then to the corresponding 


Grignard compound This when treated with oxygen in ether vielded longiborneol.’ 


Hydrobromde 4 git 


Longifolene, longifolene hydrochloride and long borneol have been —— 
with junipene, junipenc hydrochloride and juniperol Mixed melting points and ¢ 


comparison of the intra red spectra show that longifolene is identical with junipene, 


TABLI 


that longifolene hydrochloride 1s identical with junipene hydrochloride and that 
lons giborneol is identical with juniperol K uromatsuene and kuromé itsuol were simil- 


arly identified with longifolene and juniperol res spectively 
The physical constants of longifolene (junipene, kuromatsuenc) and juniperol 


(kuromatsuol, macrocarpol, longiborneol) from various sources are shown in Tables 


1 and 2. 
B 33, 30 (1951) 


H rdtn ind omas ” 124 
to and isu ner pst? 46 (195) 
°P la ar yrisson, Bu “un” S, 1410 (1954) A. Hesse, Ber Disch. Chem. Ges ~, 
1151 (1906) 


ej l Simonsen, The Te rpenes Vol p. ambridge (1952) 


Ch, 
4 oH Ow CH 
17-8 (C,H OW) 4 
Root oil of P hunber 
Kuromatsuc HOH ‘ nacroca 
{ 25 ‘ 
) M o t? VOTR 
10 ) p unpublishec 
‘ CHCl,) O subliched 
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Direct comparisons have been carried out on the following samples: 3 and 5, 
4 and 5 (this work): 6 and 9:7 8 and 9:* 10 and 11; 10, 11 and 13 (this work); 11 
and 12 (as 3,5-dinitrobenzoates). 

No direct comparison with the products obtained from P. thunbergii by Akiyoshi 
could be made, since these samples were lost during the war. The optical rotation of 
the juniperol preparations varies considerably. Although juniperol crystallizes well 
it seems difficult to obtain absolutely pure. 

Mattson’s name junipene has priority over longifolene which was described by 


~ 


Simonsen in 1920, but it is suggested that the well known name longifolene should be 
retained for this compound. For the alcohol the name juniperol, as suggested earlier,’ 
should be retained instead of macrocarpol (and kuromatsuol and longiborneol). 

From a chemotaxonomic point of view it 1s of interest to note that longifolene is 
represented in the natural orders Pinales, Cupressales and Podocarpales. A bio- 
synthetic relation between longifolene and juniperol appears, of course, to be very 
probable since they frequently occur toge her in the same tree 
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AROMATIC POLYFLUORO-COMPOUNDS—V* 


THE PREPARATION OF HIGHLY FLUORINATED BENZENES BY 
DEFLUORINATION Ol POLYFLUOROCYCLOHEX-ANES, -ENES, 
AND -DIENES 


R TRICK and. TATLOW 


Abstract——Hexa-, pent ra- fluo $a rf ro ip pri olyfluorocyclohex- 


anes, -enes and -dienes DY 


IN previous communications'? we have described a new general method for the 


preparation ol perfluoro aromatic con pound by the defluorination of cyclic aliphatic 


fluorocarbons. The method consists in passing the compound to be defluorinated, in 


the vapour phase, in a stream of nitrogen. over a heated metal, usually iron of nickel 


gauze. packed into a tubular reaction ve sel.2 The metal fluoride which is produced 


in the defluorination process forms an impervious deposit on the metal surface and 


eventually prevents further reaction The metal needs, therefore, to be regenerated, 
and this may conveniently be done by reduction Oo} he metal fluoride with hydrogen. 


he extension of this method of defluorination to the pre- 


lecafluoro- 


from dodecafluorocyclohexane and from « 
ly fluorinated benzenes, particularly 

ntafluorobenzene, from various fluorocyclohex-enes and -dienes 
The formation ol perfluoroaromatic con pounds by the defluorination of saturated 


materials depends on the greater stability of the aromatic compounds to the defluort- 


nation conditions. Thus, at low temperatures depending on the contact time but 


eenerally about ‘sss. no cle nation of alicvclic compounds takes place, 


whereas at high temperatures, about 7 or more. fluorocarbon material is com- 
pletely broken down, } umablv to give metal fluoride and carbon. Simple con- 
siderations, therefore, sugg hat for each compound investigated there should be 
and reactor temperature fot which the yield of the desired 
optimal These reaction conditions will, in addition, be 
reactol | its packing and also by the age and 
previous treatment of the px The effect of temperature on the defluorination 
process is illustrated by t ¢ the defluorination of decafluorocyclohexene’ 
(Table 1) how that the most economical temperature for the production 
of hexafluorobenzene in the reactor used was about 550 At this temperature the 
total recovery of material by weight was about 70 per cent, and about 46 per cent of 

the starting material was converted to hexafluorobenzene 

* Part IV: J. Chem. S In press 
J. C. Tatlow, R. E. Banks, A. K. Barbour and A. E. Tipping, Nature, Lond. 
‘ Patrick. M. Stacey and J. C. Tatlow, Nature Lond. 183, 588 (1959) 
. Barbour, H. D. Mackenzic M. Stacey and J. C. Tatlow, J. Appl. Chen 4. 347 (1954) 
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It has been found possible to defluorinate dodecafluorocyclohexane* to give 
hexafluorobenzene. Decafluorocyclohexene is also a product of the reaction, particu- 
larly at relatively low temperatures. This observation demonstrates the stepwise 
nature of the defluorination process. The failure to observe octafluorocyclohexadienes 
in the reaction products is obviously the consequence of the extreme instability of 
these compounds to the defluorination conditions needed to defluorinate more nearly 


TABLE |. EFFECT OF TEMPERATURE ON THE DEFLUORINATION Of 
DECAFLUOROCYCLOHEXENI 
Nitrogen flow rate harge of ie, 166¢ in 


each case. Only C,F,, an were found in the products 


Reactor Weight of 


material recovered 


C.F, in 


product 


ca 100 


OF DODECAFLUOROCYCLOHEXANE 


Temperature 


630 
590 
590 


* In thi ment only g oft 


separation le tht of product reported , » contained 0-2 g of 


saturated compounds. Octafluorocyclohexadienes® have been found to give hexa- 
fluorobenzene almost exclusively and in good yield (over 90 per cent) at temperatures 
between 400 and 450° using nitrogen flow rates of 2 litres/hr. Reactor temperatures 


greater than about 550° were found to be necessary for the defluorination of deca- 


fluorocyclohexene and dodecafluorocyclohexane 
Early experiments showed that the defluorination process was not limited in its 
application to compounds containing only carbon and fluorine. Thus, | H-hepta- 


fluorocyclohexa-1,3-diene® was found to give pentafluorobenzene together with 
*R. P. Smith and J. C. Tatlow, J. Chem. Soc. 2505 (1957) 
*D. E. M. Evans and J. ¢ Tatlow, J. Chem. So 118 


4 (1955) 
* J. Godsell, M. Stacey and J. C. Tatlow, Tetrahedron 2, 193 (1958) 


4 
CC) 
190 13-] 1] 
510 12-44 36:1 
55 
al 0 10-9] 62:9 
580 3-43 73-0 
Wt. of 
products 
Flow rate Input Yield 
isolated (9) 
(1/nT) (g) (a) > 
C.F, 
4-3 2°5 0-5 
6 5°5 1-1 1-0 
4 9-§ 4-4* 1-6* 
; e—CSsSCSC‘SCS ed product was carried forward to 
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hexafluorobenzene which was probably produced by the dehydrofluorination of 
5H-heptafluorocyclohexa-! ,3-diene or a similar structure formed by the isomerization 
of the starting material. 1,3- and 1,4-Dienes isomerize readily when heated.' Since 
hexafluoro- and pentafluoro-benzene may easily be separated by preparative scale 
gas chromatography the defluorination reaction affords a convenient method for the 


preparation of the pentafluoride. Further investigations have been made of the 


TABLE 3. DEFLUORINATION OF MD \ FLUOROCYCLOHEXADIENES 


Results calculated fo rges of 16 
Weight of material 


recovered 


‘ 
+ 
+ 
> 
, 


defluorination of heptafluorocyclohexadienes, and it has been found that over a wide 
range of reactor temperatures the ratios of the amounts of pentafluorobenzene to 


hexafluorobenzene in the products were close to two to one, although the overall yield 


: | 
Temper: 
(1/hr) 
— 450 4 12-6 
500 { 10-8 
540 4 10-6 
S80 4 9-2 
600 5 
400 12-0 
450 10-7 
Excep ere licated, t reco ed materia 
thas creas reaction time brought 
roduct cont out | er ce urt it 
4. DEFLUORINATION OF HEPTAFLUOROCY OHEXADIENI 
lemperatu W ht of mater 
190 12-1 $7 
as 
400 12-1 60 
420 12:1 68 
450 17-0 64 
‘ 
ing 10-5 64 
a 
= 
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of these compounds decreased at temperatures above about 450° using nitrogen flow 
rates of 4 litres/hr. It was found, however, that the composition of the reaction 
products was influenced by the distribution of temperature in the reactor, rather 
than by the temperature of the central and most extensive zone of the reactor. This 
point is illustrated by the results presented in Table 5, which were obtained by the 


TABLE 5. DEFLUORINATION OF MIXED HEPTAFLUOROCYCLOHEXADIENES 
USING VARIOUS REACTOR CONDITIONS 


Nitrogen flow rate 41/hr. Charge of dienes 16°6 ¢ in each case 


Reactor temperature Weight of material 
(C) recovered 


2) 


Section No 


460 130 
460 390 
400 380 
400 380 


defluorination of the mixture of heptafluorocyclohexadienes, prepared by the dehydro- 
fluorination of 1H, 2H, 4H-nonafluorocyclohexane,® and which contained 1H- 
heptafluorocyclohexa-|,4-diene (about two parts), | H-heptafluorocyclohexa-| ,3-diene 
(about one part) and 2H-heptafluorocyclohexa-1,3-diene (about one part). These 
results show that higher temperatures in the first part of the reactor to be encountered 
by the starting material favour the formation of pentafluorobenzene relative to 
hexafluorobenzene. This effect may be understood in terms of the competition 
between isomerization and defluorination as the first process in the reaction system. 
If a mixture of dienes is subjected first to temperatures that are too low to enable 
defluorination to take place, the more facile isomerization may proceed to produce 


compounds in which hydrogen is attached to saturated carbon atoms, and these will 


readily lose hydrogen fluoride to give, from heptafluorocyclohexadienes, hexafluoro- 


benzene. At higher temperatures defluorination of the dienes will proceed more 
readily to give pentafluorobenzene, and will reduce the proportion of hexafluoroben- 
zene in the product. 

The competition between isomerization and defluorination as first reaction steps, 
also accounts for the effects observed on passing successive samples of mixed hepta- 
fluoro-1,3- and 1,4-dienes through the reactor without removal of the metal fluoride 
by hydrogenation between the runs. The product obtained from the defluorination 
of a second aliquot of the mixed dienes contained 40 per cent pentafluorobenzene and 


: 
Total CF, C.F;H 
=o; I 2 3 4 5 
120 460 460 12-6 5-1 5-1 
ae 345 460 460 13-5 6°8 3-2 
460 460 460 16 6:2* 
460 460 460 10-7 1-8 61 
i . duction by hydrogen adsorbed the reactor Sir r observations have : 
i P imal case the temperature the first section is too low : 
to produ r reaction 
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60 per cent hexafluorobenzene, whereas the first aliquot produced 60 per cent penta- 
fluorobenzene and 40 per cent hexafluorobenzene. The difference between the pro- 
ducts is due to the formation of a fluoride deposit on the metal in the first run so as 
to reduce the ease of defluorination, and so raise the probability of isomerization as 
first reaction step in the second run. It ts for this reason that the use of large aliquots 
produces lower vields of pentafluorobenzene 
lhe defluorination reaction was applied to mixed 1H,2H-hexafluorocyclohexa-1,4- 
and | ,3-dienes’ to give a mixture ol pentafluorobenzene and 1,2.3,4-tetrafluorobenzene, 
the first compound arising presumably from the dehydrofluorination of an isomer of 
the starting material produced under the reaction conditions 
The defi nation of 4H-nonafluorocyclohexene® yielded both pentafluoroben- 
inly the former. Thus, at 450° using a nitrogen 
e products of the reaction were pentafluorobenzene ( 33 per 
(10 per cent). both calculated on the basis of yield from 


juced by the successive dehydro- 


rial. It is noteworthy that the 


ene (450-500°) are lower 
550-600"). and probably 


ative to those in 


The defluorination of 1H 4H-octafluorocyclohexene’ has been found to produce 
1.2.4.5-tetrafluorobenzene, pentafluorobenzene ind hexafluorobenzene Also, as 
noted for the case of nonafluorocyclohexene, the temperatures needed for the reaction 
of this compound (about 450°) are lower than those required for the defluorination of 
decafluorocyclohexene. A similar reaction with 4H/5H octafluorocyclohexene® has 
been found to give 1,2,3,4-tetrafluorobenzene together with some pentafluoro- and 
hexafluoro-benzene. 

In the course of this work the metal packing used in the reactors was iron gauze. 
As an alternative packing the use of nickel shot was tried, but this gave errati results, 
and examination after a short period of use showed that the shot had sintered to- 
gether so as to favour channelling of the gas passed through the reactor, and the pack- 
ing could be remov ed from the reactor only with considerable difficulty. It was also 


1. C. Tatlow ¢ H. Wiseman, J. Chem. Soc. 148 (1959). 


a q 
‘ 
fluorination and defluorination of the starting mat 
temp itures required to defluorinate cyclone 
tha © requ 
reflect the lower strength of C—F bonds i CHF ecroups 
| rocvi war was tound on pyro ytic d vuorination to give he * 
flUorobenzene and pentafiuorobdenzen The first of thes compounds, whose for- 
Taare ¢ DEFLUORIN on of LH CLOHEX-1-ENI 
‘ C.F C.F,H 
Cc) io 
420 +5 15 54 15 
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observed that saturated fluoro-compounds were not readily defluorinated by a pack- 


ing of new iron gauze, but the efficiency of the packing at first increased with use, and 


then became steady. This ageing effect was not so marked in respect of defluorination 


of the octafluorocyclohexadienes. 


EXPERIMENTAI 


{pparatu The reactors used in this investigation were the same as those described elsewhere? and 


consisted of nickel tubes of diamet ind length mount ne ontal furnaces and packed 


with iron gauze re fur , whic! {f the same length a > reactor tube sted of five 
heating sections of equa \ if ming vi im is | red i rola- 
meter. The sa nples were V¢ ss tubing 
close to the furnace The re Lit | ts ere cx tea 1 iT mi rsea | guid oxygen, and 
were separated by use of prey scale chromat hy h run ‘pt wi otherwise 
indicated, the metal fluoride formed the react vas 1 ved | issage of a ~am of hydrogen 
flowing at 10-20 litre/hr for 30 min, followed by a strean ni en flowing at 8 lit hr a further 


30 min 


hexafluorobe 


Identifica 


Products 


spectra of the | 


was identical wit 


route.*” 
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Paine Defluorination of successive charges of mixed heptafluoro-cyclohexadienes 
ce without intermediate removal of fluoride layer ‘ 
a The mixed heptafluorodienes (16°5 g) were passed in a stream of nitrogen at 4 litres/hr through the 
et reactor heated in the irio sections to 460 160 160 100 ind 380° respectively from the inlet ; 
end The product (11°62) cont exafluorobenzene ) and pentafluorobenzene (63°) 
aa A seco charge of dienes rough t reac inder the same conditions gave a product ‘ 
(11-2 g) contair hexafluorobenzene (¢ la pentafluorobenzene (39 °,) 
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ORGANIC REACTIONS IN STRONG 
ALKALIS—IV 


REARRANGEMENT AND FISSION OF ACIDS WITH 2-GLYCOL 
AND OTHER VICINAL OXYGEN FUNCTIONS 


4. DyYTHAM and WEEDON 


Abstract © 


nonohvdroxy fatty acids in 
the behaviour of some dihydroxy- 


and related compounds containing vicinal 


of (erythro-) 9,10-di- 


hydroxystearic acid with concentra n hydroxide at 200-250" gave 65 per 
cent of a-hydroxy tvisebacic ; and. by further reaction of the latter 


with alkali, ca. 2 ] nt -oxoheptadecan ack At higher temperatures 


(up to 275°) some nonanoic and azeclaic acid were | n Analogous results were 


also obtained with |4- lrox henic acl These careful studies seem to have 


been overlooked by most st suent workers who have simply reported that alkaline 


fission ol lihyds gives nonanoic and azelaic acid.*~* Eckert® 


claimed that the ids were improved by the addition of potassium chlorate to the 
CH(OH)-(CH,), -CO.H 
CO.H 

Vi 
Vila 
Vilb 


8. 246 (1960) 
105, 2801 (1914): cf. H. R. Le Sueur, Jbid. 79, 1313 


Chem. Abstr. 48, 11341 (1954) 
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8 Department of Chemistry, Imperial College of Science ana Technology, London 
2a Received 16 December 1959) = 
treatment strong alkalis, 9,10-dihydroxystearic acid, and the corresponding 

hydroxy-keto an k cty . ‘ by a benzilic acid 

type of rear re lec c acid is formed, which 
c. 9.10.12-trihvdroxyoctadeca c and aleuritic acids undergo anaio- 

IN the preceding paper’ we descrided the reactio 
conce ated alkalis We are concerned het 
In 1914 Le Sueur and Withers* reported that treatment 
i H. R. Le Sueur d J. C. Withers, J. Chem. Sou ; : 
A. Eckert, Mom 38, 1 (1917) 

"R. LI U.S.P. 2,625,558 

Acahara and M. Tomita, J. Oil Chem. Soc. Japan 2, 105 (1953); 
*cf R. Kadesch. J. Amer. Oil Chem. Soc. 31, 568 (1954) 
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reaction mixture, and that similar degradations of 9,10,12,13-tetra- (IV) and 
9,10,12,13,15,16-hexa-hydroxystearic acid (V), derived from linoleic and linolenic 
acids, gave azelaic, acetic and either hexanoic or propionic acid respectively. Accord- 
ing to Logan,* alkaline fission of (threo-) 9,10-dihydroxystearic acid with 70 per cent 
sodium hydroxide also yields nonanol and an w-hydroxy-acid, presumably 10- 
hydroxynonanoic acid, though no information on the properties of the product, or its 
isolation, have been given 

In the present studies alkali fusion of both erythro- and threo- 9,10-dihydroxy- 
stearic acid at 300-360° gave almost identical mixtures of acids (Table 1). In agree- 


ment with earlier reports the dicarboxylic acids consisted very largely of azelaic, but, 


ALKALI FUSION OF 9,10-DIHYDROXYOCTADECANOK 


TABLE 


ED ACIDS 


AND 


RELAT 


(l hr: yield of acidic products in moles) 


Threo Erythro- Hydroxy- 9-Oxohepta- 
Acidic A I 
dihydroxy Keto decanoic 
products 
acid acid acids acid 


0-12 0-06 0-04 0-06 0-06 0-10 
Mono- n-C, 026 020 0-22 0-22 0:20 0-19 0-26 
carboxylic n-€ 034 030 033 0:29 0:30 0-40 0-40 
acids Me-( 003 O03 005 0-04 0-06 0-04 


trace 


High b.p. acids 020 O18 O18 0-27 0-17 0-17 0-10 
D 
n-( 003 003 0-05 0-03 0-04 0-04 0-03 
n-¢ 0-34 0-33 0-40 0-34 0-41 0-38 O41 


acids 


surprisingly, the mono-carboxylic acids contained almost as much octanoic as 
nonanoic acid. Repetition of the reaction at 260 270° gave, in addition to the above 
fission products, 9-oxoheptadecanoic acid (III) in yields up to 30 per cent. At still 
lower temperatures (230-240°), «-hydroxy-«-octylsebacic acid was obtained in 
yields up to 90 per cent together with traces of nonanoic and azelaic acid. Alkali 
fusion of the keto-acid at 300° gave the mixture of acids expected by analogy with 10- 
and 12- ketostearic acid (Part II1),' the principal products being azelaic, by hydrolysis 
of the 9,10 bond, and both octanoic and nonanoic acid by fission of the 8.9-bond 
(Table 1). Considered in conjunction with the results of Le Sueur and Withers, the 
above transformations, and the close similarity between the final products from 
9-oxoheptadecanoic acid and those from the dihydroxystearic acids, clearly indicate 
that fission of the latter proceeds by the successive formation of the hydroxy- 
dicarboxylic acid (11) and the keto-acid (III). 

In 1922 Nicolet and Jurist? demonstrated that 9,10-diketostearic acid (VI) 
underwent a benzilic acid rearrangement on treatment with molten alkali to give 


7 B. H. Nicolet and A. E. Jurist, J. Amer. Chem. Soc. 44, 1136 (1922). 
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x-hydroxy-x-octylsebacic acid (II), and suggested that the diketo-acid is an inter- 
mediate in the conversion of 9,10-dihydroxystearic acid into the same product (II). 
Since it has recently been demonstrated (Part III)' that mono-hydroxy acids are 
smoothly converted into keto-acids in molten alkali, a dehydrogenation of 9,10- 
dihydroxystearic acid to give successively the corresponding «-hydroxy-ketones and 
x-diketone, or related ionic species, seems plausible. Although Nicolet and Jurist’ 
obtained 2-hydroxy-x-octylsebacic acid in only 12 per cent yield from 9,10-diketo- 


stearic acid, repetition of their experiment (in an inert atmosphere) raised the yield to 70 


per cent; small amounts (4 per cent) of nonanoic and azelaic acid were also detected.* 


As expected, alkali fusion of an authentic mixture of 9-hydroxy-10-oxo- and 10- 
hvdroxy-9-oxo-octadecanoic acids (VIla and b) at 300° gave a product very similar 
to that obtained from the corresponding dihydroxy acids under 

At 230° the main product (52 per cent), as from the dihydroxy- 

as a-hydroxy-z-octylsebacic acid (11); small amounts (12 per cent) of non- 

aces (2 per cent) of octanoic acid, were also detected. 

immer® have previously demonstrated the fission of the mixture of 

ids to nonanoic and azelaic acid in 50 per cent alcoholic 


at slightly higher temperatures (ca. 80 ), x-hydroxy-2- 


nonanoic and azelaic acid are formed 
<eto-stearic acids under conditions which 
lsebacic acid. It is noteworthy that 
he products, of obtained in much smaller amounts 
is indicates that (in an inert atmosphere) octanoic 
hydroxy-x-octylsebacic acid into 9-oxohepta- 
under conditions too mild for the 
1anoic and azelaic acid are still formed by 
Stearic acids, and dehydrogenation of the 
Such dehydrogenations are believed to involve 
that ketones can act as acceptors in 
obvious explanation for the reported 
as a by-product during the reaction of the 
cids’ with alkalis 

hydroxyoctadecanoic acid under conditions similar to 
give nonanol and an “w-hydroxy acid” gave «-hydroxy-a- 
octylsebacic acid (II) in 60 per cent yield. Repetition of the reaction in an atmosphere 
laimed* to favour the formation of alcohols) gave a small amount of a 
volatile product whose three main components were identified as n-nonanol, n- 
nonanal, and n-octanol by mixed gas-liquid chromatograms with authentic specimens; 
both octanoic and suberic acid were also detected in addition to the usual fission 
products. The use of an oxygen atmosphere thus appears to promote oxidation of 
the dihydroxystearic acid, but other reactions (probably involving oxidative cleavage 

of ketones,* or oxygenation of carbanion intermediates’) clearly intrude. 


* Dr. J. F. McGhie has kindly informed us of results obtained in his laboratory which are in good 


agreement with ou We are a ' ed to him for samples of both the hydroxy-keto and diketo acids 


. we litch and H. Plims J. Chem. Soc. 204 (1942); cf. R. S. Morrell and E. O. Phillips, J. So« 
Chem. Ind. 57, 245 (1938) 
* W. von E. Doering and R. M. Haines, J. Amer. Chem. Soc. 76, 482 (1954) 
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The principal reactions discussed above are summarized in Scheme |. The 
mechanisms of the dehydrogenations and hydrolyses are doubtless similar to those 


R CH(OH) CH(OH).R 


Rand R represent the 
groups, viz. CH Ho) 


Scheme 


of simple hydroxy and keto compounds (Part III). The formation of «-hydroxy-a- 
octylsebacic acid from 9,10-diketostearic acid may be regarded as a rearrangement of 
the benzilic acid type (Scheme 2). The conversion of the hydroxy-octylsebacic acid 


into 9-oxoheptadecanoic acid involves fission of a carbon carbon bond: carbon 


R R 
Rcoco Rr’ 
OH Q OH 


Scheme 2 


dioxide or a carbonate (e.g. Scheme 3) or a formate (Scheme 4) may be the other 
product formed initially in this process. 


R 
C+C—R 


HY H-COH 


Scheme 3 


H* OH 
Scheme 4 


As reported by I ogan.* alkaline fission of 10,1 |-dihydroxyundecanoic acid (VIII) 
gave sebacic acid (90 per cent); small amounts of suberic (2 per cent) and nonanoic 
acid (5 per cent) were also detected. 


HOCH,-CH(OH)-(CH,),-CO,H HO,C-(CH,),-CO,H (Vill) 


bs 
OH 
5 ’ 
R.CO.CH(OH).R R.C.CH(OH)R R.CO.H + HOCH2.R 
id 
J 
RCO.CO.R R R > R +OCHR 
H 
i two different end 
i 
| 
6 
R 
O-C+C—R R.CO.R 
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Logan also reported* that alkali fusion of 9,10,12-trihydroxystearic acid (1X), 
derived from ricinoleic acid, gave a mixture of azelaic acid, sebacic acid and what 
appeared to be hexanoic acid with small amounts of nonanoic acid. Repetition of 
this reaction during the present studies gave no hexanoic or sebacic acids, though 


heptanoic, octanoic and azelaic acids were obtained (Table 2), as expected by analogy 


rasie 2 LKALI SION OF 9.10.12-TRIHYDROXYOCTADECANOIC ACID 


Ores) 


with the fission products of 12-hydroxy-' and 9,10-dihydroxy-stearic acids. However, 
compared with the fission of the latter acid, the formation of azelaic acid was strongly 
favoured at the expense of octanoic acid. This difference is not surprising. In view of 
the oxygen function at C,,.), the reaction of 9,10,12-trihydroxystearic acid doubtless 
involves /-hydroxy-ketone (e.g. X) or /-diketone intermediates. It is therefore to be 
expected that fission at positions corresponding to the 10,11 and 11,12 bonds in the 
starting material will predominate. Initial dehydrogenation of the Cy», hydroxy! 
group, and fission to give an intermediate of type XI and octan-2-one, would also 


favour the formation of azelaic acid. A neutral product formed during treatment of 


CH,.(CH,),-CO.H + HO,C-(CH,),-CO,H 
x 
x! 
9.10,12-trihydroxystearic acid with strong alkalis was shown chromatographically to 
contain octan-2-ol and small amounts of octan-2-one. Since the mixture had only 
weak optical activity, and the C;,», centre in the starting material was that known to 
be asymmetric in ricinoleic acid, it can be concluded that the octan-2-ol was formed 
mainly by reduction of octan-2-one produced initially, and not by direct fission. 
This is consistent with a dehydrogenation of the C,,,, hydroxyl group prior to fission. 


Iwo other products, nonanoic and suberic acid, were detected chromato- 


graphically after alkali fusion of 9,10,12-trihydroxystearic acid (1X). The former is 


conceivably an artefact (resulting from contamination of the starting material with 
9,10-dihydroxystearic acid) but may arise by dehydration of a /-hydroxy-ketone 
(e.g. X), reduction of the resulting « J-unsaturated ketone (cf. reduction of «/- 
unsaturated acids,!*) and fission. Several tentative explanations can be advanced for 


1° R G. Ackman, R. P. Linstead, B. J. Wakefield and B. C. L. Weedon, Tetrahedron 8, 221 (1960); R. G. 
Achman. R. A. Dytham, B. J. Wakefield and B. C. L. Weedon, Tetrahedron 8, 239 (1960) 
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the production of suberic acid. Perhaps the most plausible at present is the formation 
of an «/-unsaturated aldehyde or acid from an intermediate of the type XI, and 
subsequent fission. 

Some preliminary studies have also been made on the alkali fusion of the natural 
trihydroxy-acid, (/-) aleuritic acid (XII). In addition to a (threo) «-glycol system, 
this starting material has a primary alcohol grouping which can undergo dehydrogena- 
tion in strong alkalis to give a carboxyl function.’ At 300° hexanoic, octanoic, 
pimelic and azelaic acids, the expected fission products, were formed in approximately 
equimolecular amounts (Table 3). However a branched chain or cyclic dicarboxylic 

TABLE 3. ALKALI FUSION OF 9,10,16-TRIHYDROXYHEXADECANOIC ACID 


(1 hr: yield of and lower acids in moles) 


Acidic products 300 


Mono- 
carboxylic 


acids 


Di- 
carboxylic 


acids 


* Reaction time 2°5 hr 


acid of higher molecular weight was formed simultaneously in yields up to 40 per 
cent. The structure of this acid has not yet been determined. From reactions at 250 
two products were isolated in poor yield and tentatively formulated as XIII and XIV 
by analogy with intermediates derived from 9,10-dihydroxystearic acid. 
HOCH, Xil 


CO,H 


EXPERIMENTAL 


rhe general procedures and analytical methods were those indicated in Part II] 


Erythro-9,10-dihydroxyoctadecanoic acid'® was prepared by permanganate oxidation of oleic 


acid." Threo-9,10-dihydroxyoctadecanoic and 10,11-dihydroxyundecanoic acid were prepared by 


performic acid hydroxylation of oleic and undec-10-enoic acid respectively 9,10,12-Trihydroxyocta- 


decanoic acid was prepared by peracetic acid hydroxylation of met! yl ricinoleate and s ibsequent 

hvydrolvsis The 9 10-dioxooctadecanoic acid was prepared by oxidation of the corresp nding 

dihydroxy-acid with N-bromosuccinimide ;"* its methyl ester had no infra-red light absorption 

attributable to hydroxyl groups. The mixture of 9-hydroxy-10-oxo- and 10 hydroxy-9-oxo-octa- 

decanoic acids was prepared by reduction of the diketo-acid with zinc and acetic acid;'*"* the esters 
3 


of the mixture of hydroxy-keto acids had vmax 3470(OH), 1735 (CO,Me) and 1715 (CO). 


1! G. M. Robinson and R. Robinson, J. Chem. Soc. 177 (1925) 

12 D. Swern, G. N. Billen, T. W. Findley and J. T. Scanlan, J. Amer. Chem. Soc. 67, 1786 (1945). 
3 J. T. Scanlan and D. Swern, J. Amer. Chem. Soc. 62, 2309 (1940) 

4 J. F. McGhie, unpublished results 

1 J. F. McGhie, Chem. & Ind. 578 (1954). 
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extraction with light petroleum (b.p. 40-60°) and then with ether, and crystallization from light 

petroleum (b.p. 40-60") or aqueous methanol, gave 9-oxoheptadecanoic acid (0-57 g), m.p. 79-5-80-5 

(lit, m p. 78°5°) (Found: C, 72:4; H, 11-65. Calc. for C,-H 20;: C, 71-8; H,11-3°). Esterification 

(MeOH-H,SO,) gave the methyl ester, m.p lit,” m.p. 44°); Ymax 1715 (C=O) and 1735 cm— 
} 


(CO,Me). A mixed m.p. with the ester of a specimen of 9-oxoheptadecanoic acid prepared by the 


method of Le Sueur and Withers? showed no depression 


(b) From threo-9,10-dihydroxyoctadec anoic acid 


The dihydroxy acid (1:2 g) and potassium hydroxide (6g) in water (10 cc) were heated in a 
nitrogen filled stainless steel autoclave at 340° for 2 hr. When the autoclave was opened, after it had 
been cooled, | ydrogen was rele ised Isola I ) the aciak | roqacuct Md n the usual way, and 
crystallization from aqueous methanol, gave 7-oxoheptadecanoic acid (0-14 g, 12°4). m p. and mixed 


m.p. 79-80 


Alkali fusion of 10,11-dihydroxyundecanoic aci 


The dihydroxy-acid (3 3 g) and potassium hydroxide (9 g) w heated at 300 hr. The 
mixture was cooled rapidly and dissol ed if iter i soluti vas acidif (evolution 
of CO,) and the acidic product (3-1 g), m.p. 1: solated with eth of methyl 
esters) revealed sebacic acid (c: 5°), nona a i. 5 and TI trace). One crystal- 
lization of a portion (0°56 g) of the crude product m water gave d (0°50 g), m.p. and 
mixed m.p. 133-134 


t/kaline fission of 


(1) The trihydroxy-acid (1-28 ¢) and potassium hyd 5*2 were heated at 300° in a stream 
of nitrogen for 1 hr. The neutral product formed a fir oud In the nitrogen stream from the reaction 


vessel, and 


collected partial in 1d ap scricd in the v9; tres lat } th ether pave 


an oil (65 mg): analvsis by iquid chromatograph } | " thylene adipate) 
at 130° indicated a compositi 94 ar ol and 6 tan-2- xed chromatograms with 
authentic specimens showed no separation. Isol lal way, and 
fractional crystallization of the dicarboxylic acid fraction from water, gave azelaic acid. m p.and mixed 
m.p 

(ul) A solution of the trihydroxy-acid (6-4 g) potassium hydroxide (50 cc) was added with 


suirring Over 90 min to potassium hydroxide (10 ¢) in a copper vessel at 300 rhe steam distillate 


from the reaction vessel w is CONdensed and tl I itral product (0-8 lated with ether analysis 


by gas-liquid chromatography as described above ind nposit 79 octan-2-ol and 


21 octan-2-one mixed ch natograms with authenti ner shov 1 no separatior After 
2 ‘ 
distillation, the mixture had [=]? 0-13" in ethanol (active octan-2-ol has 9"). Isolation of 


= I 


the acidic products gave mixtures similar to those from normal alkali fusions at 300 (Table 2) 


Alkali fusion of aleuritic acid 


The crude acid product from an alkali fusion of aleuritic acid at 250° for 1 hr was triturated with 


ether. The solid was collect rystallized from ¢ gl troieum (b.p. 40-60"), and then from 
aqueous methanol, giving pentadecan-7-on id asp 103-104" (Fou 
H, 9-1; O, 28-05. C,.H O, requires: (¢ ' 15 5 mixed vith aleuritic 
acid showed a marked depression. The methyl ester of the product had ry, 5 735cm™; the 
intensities of the bands were those expected 

(b.p 40-60") gave a solid. Crystallization from chloroform 

plates, m.p. 143-144° (Found 75; H, 96; equiv 

equiv. 153) 


In another experiment fractional precipitation of 


Elementary analyses were carried out in the micro-analytical laboratory (Miss J. Cuckney). and 
the spectral measurements in the spectroscopic laboratory (Mr. R. L. Erskine, Mrs. A. I. Boston) of 
this Department 
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The structure of delphinine 


is thus portrayed as an allylic rearrangement of a methoxyl. The transformations to be 


described in the sequel prove rigorously the correctness of our formulations. 
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Dihydro-«-oxoisopyrodelphonine VI may be converted by oxidation with chromic 
acid into a seco keto acid, C,,H,,O,N, which has already been described by Jacobs* 
and was formulated by us as X » same author has shown' that compound X may 
be converted into a diketone, C.,H,,0,N, by sublimation in high vacuo. We have 
formulated this last compound as XI. The infrared spectrum of XI shows ketonic 
carbonyl peaks at 1768 cm ‘ ve-centeesl and 1727 cm~ (six-membered). If we 
take into account the strong id dipole interaction of both keto groups due to the 
rigid structure ¢ f XI, we may expect a shift of both carbonyl peaks to higher wave 
numbers and the rsh values for both carbonyls are thus in good agreement with 
the postulated structure 

As a further corroboration of the structure XI, we have found that this diketone 
gives quantiti stivelv the seco acid IX by treatment with dilute aqueous alkali. Another 
way to obtain compound an is the reflux of the oily methylester of X with methanolic 
sodium methoxide, followed by hydrolysis on workup. The intermediate in this 
reaction must be again the dies XI. The significant point about this mode of 
formation of IX is the fact that the methylester of X does, as the first reaction, undergo 
a cyclization rather than an elimination of methanol. This fact can be explained by 
the assumption that a dout se bond obtained by a /-elimination of methanol in the 
structure X is probibited and suggests directly that the two points of attachment of the 
cycloheptane ring to the rest of the molecule are as indicated in formula X. 

The exploration of the isopyro system was finally concluded by the following 


experiment. The seco acid IX was reduced by sodium amé ilgam in refluxing alcohol, 


the products esterified with diazomethane and separated by chromatography on 
alumina. One product was the oily ester XI1(R = C H,). This compound showed no 


* J. FaikoS, Coll. Czech. Chem. Comm. 23, 15859 (1958) 
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hydroxyl band and a peak at 1739 cm (cyclopentanone and ester) in the infrared 


spectrum. Hydrolysis of this ester gave tl ling acid XII (R H). This 
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phinine has the same skeletal structure as «-oxoisopyrodelphinine III, 
— Ms from this last compound in the site of attachment on one methoxyl.* 
— Hydrogenation of II saturates the double bond and the benzoyl group, and by 
saponification of the octahydro compound, dil ydro-z-oxopyrodelphonine 
: may be obtained.* We have formulated this compound as XI\ 
— Compound XI\ iy now be subjected to a series of reactions which are com- 
es pletely analogous to the es VI — VII — VIII. Oxidation w chromium trioxide 
: 
i gives the ketone XV which maait isomerized with base XVI The s of the 
ketonic carbonyl max | XVI (1755 1747 cm~") are quite similar to 
the and Vill. Also the molecular rotation 
| are approximately the sam 
AY ait aVDIOAI dieiy the same 
(Ax, = approx —110°). The only difference between XVI and VIII, according to our 
formulation, is the site of attachment of one methoxy group. This is corroborated by 
] +1. r nw waar 
; the cleavage of both ¢ pounds l eTIOCIC acid 
As we have already discussed, the keto acid which is obtained in this manner from 
compound Vill enn ate Spo Yamote Ol in ind es tne CYyCcio- 
pente one Cardox ic acl Co ~OUNC XVI. on the otiner na, 18 cleaved with 
peri Ic acid tT ine a ) us, Dul Cc pletely stable, keto acid XVII Che infrared 
spectru | XVII i pea al iad! ne) and | cm 
(carboxyl). The fact thé e 1/44 ¢ peak indeed be to the cyclopentanone is 
: easily demonstrated by esterification with diazomethane ihe oily ester shows a 
singie peak at 1/43 cr vhich belongs both to the cyclopentanone and ester group. 
The amount gata W cn We nave ecied ON the PYTO I] ire tnus 
in complete agreement \ the structures proposed. The rigorous proof that no 
skeletal rearrangement has occurred in the change I — II — III was obtained bv the 
study of «-oxodelphinine | [his compound was hydrolyzed to x-oxodelphonine 
XVIII, compound XVIII oxidized to «-oxodelphonone XIX (ketonic maximum in 
L * It should be pointed out tht elucidat oO opyr ter silt pyr p C ige 
must be a rearrangement rely as ( d ond as a ned by J »s I system III 
could be formed either b SAC li rearrangement ra rearrangement ft netnoxy 
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IR 1751 cm=") and compound XIX finally isomerized by base to XX (ketonic 
maximum in IR 1747 cm™') according to the experimental procedures of Jacobs.® 
Again the rotation difference for the reaction XIX — XX (Az, approx 110°) 
was approximately the same as the rotation difference for the rearrangement 
VII — VIII in the isopyro series. 


XXVII XXVIII 
Compound XX took up one f periodic acid and yielded a crystalline acid, 
C,,H,,O,N, which must ha’ pontaneous /-elimination of a 
hydroxyl from the original ave formulated this compound as XXI. 
It shows ; ultraviolet sy] m )mu 9 4-1) very similar to the 
abnormal chromophore of compound IX he small shift of the maximum of XXI 
to higher wavelength with respect to IX mu e ascribed to an influence of the 


methoxvl in XXI which is absent in [IX 


At this point we were able to correlate directly compound XXI with compound IX 


and thus to check all the partial structure assignments In the oxodelphinine and 
pyro-oxodelphinine series. Compound XXI was subjected to a sodium amalgam 
reduction in refluxing alcohol and the products were ¢ sterified with diazomethane 
and separated by cl romatography on alumina They were identified as the oily keto 
ester XII and crystalline hydroxy ester XIII which have been previously obtained by 
us in an analogous reduction experiment performed on compound IX (vide supra). 

Jacobs has shown! that chromium trioxide oxidation o! compound XIX gives a 
seco acid which we have formulated as XXII. We have also obtained this compound 
by treatment of compound XVIII with periodic acid, followed by neutralization and 
oxidation with permanganate. 

In complete analogy to the transformations already discussed in the isopyro series, 
the methyl ester of XXII may be converted to the seco acid XXI by reflux with 
methanolic sodium methoxide followed by saponification on workup. Also in this 
case the diketone XXIII is presumably the intermediate. The same argument as in 
the isopyro series may be repeated in the present case; 1.¢. the transformation XXII — 
XXI is made possible by the remarkable reluctance of the ester of compound XXII to 
eliminate the f-hydroxyl. The simplest explanation of this situation is again the 
assumption that the resulting double bond would be impossibly strained due to the 


i, 
> 
Vi 
: 
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mode of attachment of the cycloheptane system XXII to the rest of the molecule. 

The infrared spectra of the seco acids X (1736 cm~ 6-lactone, sharp hydroxyl peak 
at 3300 cm~') and XXII (1730 cm~™ 6-lactone, 3500 cm~ hydroxyl) deserve a brief 
remark. It appears that the keto acid forms X and XXII are in equilibrium with the 
pseudoacid forms XXIV (R, H, R, OCH,: R, OCHsg, R, OH respectively) 
and that these latter predominate in chloroform solution. On the other hand, the 
esters of X (1750 cm™ ester, 1703 cm~! ketone) and XXII (1741 cm~ ester, 1715 cm™ 
ketone, 3500 cm~ hydroxyl) are normal keto esters. 

From all the transformations discussed up to now, the partial structures I, II and 
for «-oxodelphinine, pyro-x-oxodelphinine and isopyro-«-oxodelphinine follow 
rigorously. Consequently, it is clear that the pyro-isopyro change must, in fact, be an 
allylic rearrangement of a methoxyl. However, before proceeding with the elucidation 
of the remaining part of the delphinine molecule we have decided to subject this 
conclusion to a direct test. We have isomerized «-oxopyrodelphinine II in radioactive 
methanol, and as expected radioactivity corresponding to one mole of methanol was 
incorporated into the resulting «-oxoisopyrodelphinine III. 

We have also found that it is not possible to prepare III in any medium other than 
methanol. Thus, for instance, «-oxopyrodelphinine II, when treated with p-toluene- 
sulfonic acid in glacial acetic acid, exchanges quantitatively a methoxyl for an acetoxy 
group and yields a compound, C,,H,,0,N, formulated as XXV. Hydrogenation of 
XXV gives an octahydrocderivative XXVI which may be saponified to the triol 
C,,H,,0;N, XXVII. Compound XXVII was then converted to the crystalline acid 1X 
by oxidation with chromium trioxide, esterification of the waite uncharacterized 
seco acid XXVIII to the corresponding ‘thyl ester and treatment of this last com- 
pound by nar bere methanolic so dium meth oxide followed by hydrolysis. It is clear 
that this new mode of formation of IX is entirely analogous to the route VI — X — IX. 

rhe series of experiments just described proves directly 

(a) that the pyro system rearranges to the isopyro system with a simultaneous 
exchange of a methoxyl for a nucleophylic solvent molecule 

(b) that, as postulated by our scheme, the group which replaces a methoxyl in the 


pyro-isopyro rearrangement 1s the one which ultimately eliminates in the formation of 


the unsaturated seco acid IX. 

After the completion of all these studies, it was clear that there is no doubt left 
about the correctness of the partial formula I for delphinine, and that the stage is set 
for an attempt to extend it into a complete structure. 

Having considered the problem carefully, we have decided to abandon the syste- 
matic approach pursued until now and to set up a hypothesis for the complete 
structure, which could be confronted with the mass of scattered data in the literature,! 
as well as with new experiments designed to test it. Fortunately, we were in possession 
of a certain amount of purely chemical information which has enabled us to write 
down readily two very plausible delphinine structures. 

In 1953 we deduced the structures of the first two alkaloids belonging to the 
aconite-garrya class.':!° They were the alkaloids, veatchine XXIX and atisine XXX. 
The key evidence which gave the idea for the proposal of the two diterpenoid alkaloid 
skeleta was the formation of the compounds XXXI and XXXII on dehydrogenation 
of veatchine. Similarly, the dehydrogenation of atisine gave the phenanthrene XXXIV 


°K. Wiesner, J. R. Armstrong, M. F. Bartlett and J. A. Edwards, Chem. & Ind. 132 (1954). 
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and a base which we, at that time, postulated to be XXXII. Later the structure of 


the atisine dehydrogenation base XX XIII was confirmed by synthesis ul 
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characteristic dehydrogenation products the veatchine azaphenanthrene XXXP? and 
the dimethyl ethyl phenanthrene XXXVI." 

We have naturally attempted a dehydrogenation of delphinine in order to ascertain 
whether the typical dehydrogenation products of the simpler aconite alkaloids can be 
isolated also in this case. 

While it was possible to demonstrate spectroscopically traces of phenanthrenes 
and azaphenanthrenes on chromatography of the dehydrogenation mixture, no 
compound of this type was isolated in pure form. However we have obtained a good 
indication of the skeletal system of delphinine by the study of the alkaloid neoline 
(C,,H3g0,N) which accompanies aconitine in Aconitum napellus. The parallelism 
of many transformations of neoline and delphinine, has convinced us that the two 
alkaloids must possess the same skeleton." Especially the presence in neoline of the 
delphinine (1-2-3) bicyclo-octane system I in which the tertiary hydroxyl was missing 
and the two ester groups were replaced by hydroxyls was assured. 

Ihe dehydrogenation of neoline has now, possibly because of the lesser sub- 
Stitution of this alkaloid, yielded positive results.“ It gave the azaphenanthrene 
XXXVII and a phenanthrene XXXVIII which had the empirical composition C,gHoo 
or Cy .H,,. 

In the course of our studies on songorine (XXXV, R, = O=; R, = CH,==) and 
napelline (XXXV, R, OH; R, = CH,=) which accompany neoline in the 
mother liquors of Aconitum napellus, Maudgal has performed a dehydrogenation of 
dihydronapelline (XXXV, R, = OH: R, CH;). He was able to isolate from the 
dehydrogenation mixture a phenanthrene C,H.» or C,.H,, which was later recognized 
as identical with XXXVIII from neoline. This finding has, of course. a profound 
significance for the tentative deduction of a possible neoline and delphinine skeleton, 
since dihydronapelline is a compound of known structure. 

A further point to be emphasized is that the connection between napelline and 
neoline, established through the common dehydrogenation product XXXVIII, 
extends clearly to the earliest representative of the garrya—aconite class, veatchine 
XXIX. As already stated, veatchine and napelline yield by dehydrogenation the 
same azaphenanthrene XXXI. 

It is clear that delphinine and neoline must possess a skeleton which is capable of 
yielding the same dehydrogenation products as XXXV (R, OH; R, CH,). 
Both neoline and XXXV (R, OH; R, CH,) may of course be assumed to 


dehydrogenante with or without a plausible rearrangement. 


A further limitation imposed on the neoline skeleton is the requirement that it 
must accommodate the properly substituted 1,2,3-bicyclo-octane system and have an 
oxygen function correctly placed for any postulated rearrangement. 

It is very easy to see that there are two schemes that satisfy these requirements. If 
neoline is XL, it may rearrange to XXXIX (R = H) and this intermediate may give 
the dehydrogenation products XXXVII and XXXVIII. 

The same dehydrogenation phenanthrene XX XVIII may be obtained from XXXV 
(R, OH; R, CH,) via a rearrangement to XXXIX (R CH,) in a 
manner indicated by the arrows in formula XXXV 
4% A. D. Kuzovkov, Zh. Obshch. Khim. 28, 2283 (1958): E. Ochiai, T. Okamoto. S. Sakai. T. Sugasawa 

and T. Onouchi, In pr 
“™K. Wiesner, H. W ' r, D. L. Simmons, D. R. Babin, F. Bickelhaupt, J. Kallos and T. Bogri, 
Tetrahedron Letters No 7 (1960) 


a 
4 
ae 
i 
‘nd 


K. Wiesner, F. Bicketnaurrt, D. R. Basin and M. Gorz 


The second possibility ts the skeleton XLI for neoline. This system may rearrange, 
as indicated, to XLII. Finally, this last intermediate may yield on dehydrogenation 
the azaphenanthrene XXXVII and the phenanthrene XXXVIII, which may also be 


obtained from XXXV by a dehydrogenation without rearrangement. 
Both XL and XLI contain the 1,2,3-bicyclo-octane system attached and sub- 


stituted in a manner compatible with the rigorously established partial structure of 


delphinine and neoline 


For these reasons we have decided to consider seriously XL and XLI as very 
plausible working hypotheses for the complete skeletons of delphinine and neoline. 
The skeleton XL has of course an important precedent The brilliant crystallo- 


he structure of lyvcoctonine which was shown by her to be 


grapher Przvbylska, solved 


in our laboratory'® and 


rend ntl 


based on this system.’” It was then enized independently 
by Cookson’ that the system Xl a simple rearrangement, bridging, and 
loss of a methyl group from the 


ments show that or an readily deduce the skeleton XL by 


purel\ 
We shall now turn our attention to the disposition of the remaining functional 


groups in the skeletons XL or XLI, as well as to the proof that one of these structures 
realy 

The disposition of functional 7 in the 1.2.3-bicyclo-octane system of XI 
XLI follov learly from the partial structu e remaining fur ns 


tributed rk already 


nine XLII (a and b) and 


the literatur 


XLIV (a and ost of the reactions ed in e seg an 
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shown to be correct, we shall use only this particular representation in order to conserve 
space. 

Jacobs'* has shown that in «-oxoisopyrodelphinine a tertiary and a primary 
methoxyl are readily displaced by chlorine. The resulting dichloro derivative may be 
converted by methanol back into z-oxoisopyrodelphinine, or by water into the 


corresponding dihydroxy derivative. This last compound may be oxidized into a 


hydroxy acid in which the carboxyl seems to be tertiary. 


It is clear that the tertiary methoxyl displaced by chlorine must be the one engaged 
in the pyro-isopyro rearrangement. The fact that the same dichloride is obtained both 
from pyro- and isopyro-a-oxodelphinine is sufficient proof of this assumption. We 
may, consequently, formulate the dichloride as XLVa and the hydroxy acid as XLVb. 


On 
Obenz 


5) R=nexahydrobenzoy!, * 


=hexqhydrobenzoy!, A 


Jacobs** ha er shown that treatment of «-oxoisopyrodelphinine with aqueous 
zinc chloride will result in the replacement of two methoxyls by hydroxy groups and 
the remaining two methoxyls are lost with the nulté is formation of a cyclic 
ether. We formulate the product of nplete dem xvlation as XLVIa. 
Compound XLVla has been oxidized by Jacobs to the corresponding ketone formu- 
lated here as XLVIb. The infrared absorption of the keto group in XLVIb (1712 cm) 
is in agreement with a keto group in a s! membered ring.* A more vigorous oxidation 
of XLVIb by chromium trioxide gave !* a dicarboxylic acid formulated here as XLVII. 
Compound XLVII was esterified and one of the two ester groups In the resulting 
dimethylester was found to be resistant to saponification 

We shall now consider the identity of the two methox; ls which are engaged in the 
formation of the cyclic ether. Already Jacobs'® has correctly deduced that one of them 
is the primary methoxyl which may be displaced by chlorine. This follows clearly 
from the fact that compound XLVla (according to the results of its oxidation to XLVIb 
and XVLII) does not possess a primary hydroxyl. Jacobs has further postulated* that 


the second methoxy! engaged in the cyclic ether formation is identical with the 


be 
CH,0 
OCH 
XLV XLV 
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tertiary methoxy! displaced by chlorine in the formation of the dichloride XLVa. 
However, a careful analysis he data shows that this assumption has no experi- 
mental basis and, in fi L unlikely. Thus, according to our structure XLVIa, 
| ther of the two methoxyls displaced by 
s of 
decision Of this point was a compound described by 
Jacobs'*® and formul: ' as XLVIIla. It may be obtained by treatment of 
} 


octahydro-z-oxoisopy nine with aqueous zinc chloride and it contains the 


evclic ether with retention of the remaining two methoxyls 


We have prepared hexadeutero-z-oxoisopyrodelphinine XLVc by treatment of the 


dichloride XLVa with CD.OH. The octahydroderivative of XLVc was then 


converted to XLVIIIb which still contained one deuterated methoxyl. This shows 


conclusively that as predicted by our scheme one of the two methoxyls which may be 


displaced by chlorine does not participate in the cyclic ether formation. All the deu- 


terated delphin lerivatives were practically indistinguishable in properties from 


their only hydrogen containing analogs, but they gave correct deuterium analyses and 
showed deuterium bands in the infrared spectrum (see experimental part). 

All the evidence we have discussed up to now has convinced us that one of the two 
delphinine structures XLII] or XLIV is correct, however, none of the data enabled us 
to differentiate between them rigorously 

A rigorous decision between XLIII and XLIV, which at the same time provided us 
with a dramatic corroboration of XLIII, was achieved by the clarification of the 
Hofmann degradation of delphonine. A successful Hofmann degradation of this 
compound has been reported by Schneider.’” As it is clear that this finding cannot be 
explained by the structures XLIII or XLIV in a simple manner, we have decided to 
reinvestigate it. 

Delphonine formed a crystalline methiodide XLIX which melted at 208-211". The 


19 W_ Schneider, Archiv. Pharm. 283, 86, 281 (1950). 
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methiodide was converted into a methohydroxide on a column of Amberlite [RA-400, 
and the methohydroxide was heated with 10 per cent aqueous sodium hydroxide until 
most of the water evaporated. From the resulting products a crystalline base, 
C,,H,,O,N, was isolated by extensive countercurrent distribution. The infrared 
and no peak in 


spectrum of this compound shows a strong ketonic peak at 1707 cm™ 
the hydroxyl region. The analysis indicated three methoxyls, and the presence of two 
keto groups was corroborated by the preparation of a bis-2, 4-dinitrophenylhydrazone. 

We ascribe to this product the structure LI. It can be formed by an initial 1-3 
cleavage as indicated by the arrows in formula XLIX. The product of this reaction, 
L. may now be converted to LI by a reverse aldol reaction, /-elimination of a methoxyl 


ast three steps 


and vinilogous /-keto aldehyde cleavage. The order in which these 


occur can, of course, not be specified 


In this way tl yposed Hofmann degradation of delphinine is explained in terms 


ale SUP] 
of an extensive base catalysed breakdown of the molecule and the “methine of 


Schneider may de conce abdly identical with our compound | 


lhe properties of LI discussed so far do not rule out, of course the structure XLIV 


for delphinine. This last formula has all the required relationships of functional 

groups to undergo a similar degradation to LIIl. However, it was possible to decide 


between the two structures LI and LII for our “‘Hofmann product” on the basis of the 


NMR spectrum 


lhe “Hofmann product” shows in the NMR spectrum (toluene scale) a doublet 


with an area 1H at 1014, 1019 cps which we assign t H, split by the adjacent H,. Both 
peaks of this doublet show a further slight splitting of approximately |-1 cps which we 
ascribe to the adjacent hydrogen H \ further doublet at 1029, 1034 cps, which has 


the same splitting as the first one and an area of 1H, may be ascribed to H, split by the 


adjacent hydrogen H It is characteristic that this second doublet (1029, 1034 cps) is 
a clean doublet without the secondary splitting 

A third doublet with an area 1H is located at 1091, 1096-5 cps and ascribed to H, 
unshielded by the methoxyl and split by the adjacent hydrogen H Both peaks of 
this doublet again show secondary splitting of 1-1 cps caused by the adjacent hydrogen 
H,. It is clear that this situation is incompatible ' ith the formula LII which could 
show in the NMR spectri m only one doublet in the region ol inylic hydrogens. 
Consequently, we may assign the structure LI to our “Hofmann product”, and 
structure XLIII to delphinine itself.? The t problem which had to be solved was the 
decision between the two possible locations of the ring A methoxyl in delphinine (1.e. 


the structures XLII] a and | 

An analogous uncertainty remained also in the complete structure of aconitine 
proposed some time ago.” In aconitine. ring A was known to be substituted by a 
methoxyl and hydroxyl in the | and 3 positi ut no conclusive argument was 


available whether the locations of these substituents should not be exchanged. This 


problem was recently solved in aconitine by chemical studies! and also X-ray cry- 


stallography.22_ Both methods in agreement assigned the position | to the methoxyl 

and 3 to the hydroxy group. We have recently been able to convert aconitine and 

delphinine into an identical derivative. This correlation shows that the ring A methoxyl 

eK. W ner. M. Gotz. D. L. Simmons. L. R. Fowler, F. W. Bachelor, R. F. C. Brown and G. Biichi, 
Tetrahedron Letters No. 2, 15 (1959) 


G. Buchi, private communicatio 
22M. Przybyiska and L. Marion, Canad. J. Chem. 37, 1116 (1959) 


= 
| 


266 K. Wiesner, F. Bicke_Haurpt, D. R. Basin and M. Goérz 


of delphinine is located in the same position as the corresponding substituent of 
aconitine, and that consequently the structure XLII la is the correct representation of 
delphinine. 

Che correlation of aconitine and delphine was reported by a preliminary letter™ 
and the details of this work will be described in a complete article on aconitine 
chemistry 


EXPERIMENTAI 
Secoacid 


» ketol Vill. Dihydro-x-oxoisopyrodelphonone VII was prepared and isomerized to VIII 

procedure giv t a The ketol VIII (104 mg) was dissolved in 10 ml ethanol 

periodic acid in 10 ml water. The alcohol was then 

phase was extracted exhaustively with 

iS Separated in the usual way and 

crystall } vas 2 al final melting point 138 This material 

showec ‘ 1. ley sion with a s imple 1¢ subsequent experiment Both 
samples a Iposa Dic 

(bh) Fre prepared according to Jacobs® and remained amorphous 

It was p } 1 ar onverted in oilv methyl ester with 

ympound (117 mg) was dissolved in 10 ml absolute methanol and refluxed 

in 30 ml absolute methanol ter 2 hr: ‘qual volume of water was 

added a tha \ rac ) uli ‘ é try acted with 

chloroforn widic material wi and was re- 
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spectrum (KBr) 1730. 1695. 1668. 1641 cm ‘ t trum (ethanol) /, 
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The hydroxy ester XIII was recrystalliz a constant m.p 7 from benzene—ether. (Found 
H. 8-16, 801: OCHL,, 2 C, 63-83: H, 826: 40CH 
ired spectrum (KBr) 172 
be ident } and infrared spectrum with the ester XIII 
prepared by reduction of the acid XXII (vide infra) 
Secoacid XVII 
The ketone XVI was prepared according to Jacobs’ by isomerization of dihydro-x-oxopyrodel- 
phonone XV. Compound XVI (20 mg) was dissolved in 5 ml ethanol and a solution of 42 mg 


"3K. Wiesner, D. L. Simmons and L. R. Fowler, Tetrahedron Letters No. 18, 1 (1959) 
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periodic acid in 4 ml water was added. After 2 hr the reaction mixture was diluted with an equal 


volume of water and the ethanol evaporated in vacuo at room temp. The solution was then ex- 


haustively extracted with chloroform and the acidic fraction from the chloroform extract was separated 


in the usual manner. It yielded 14 mg of colorless glass. This material did not have any high extinction 


ultraviolet chromophore and it did not develop such a chrom yphore on treatment with acid or base 


on the steam bath. Infrared spectrum (CHCI,) 1744, 1709, 1660 cn Ihe acid was esterified with 


diazomethane to the oily ester. Infrared spectrum of ester, (CCI,) 1743, 1678 cm 


Secoacid XXI 


(a) From ketol XX. a-Oxodelphonone XIX was prepared and isomerized to XX according to 


the preser pl on of Jacobs ( omp« und XX (70 mg) was diss yIved in 3 ml water and 10 ml ofa > 4 
aqueous § ‘lution of periodic acid was added to it. After 19 hr the aqueous layer was exhaustively 
extracted th chloroform and the acidic fraction from the chloroform extract was separated in the 
usual manner. The yield of acid was 57 mg and it was recrystallized to a constant m.p. of 187° from 


C, 61:70; H, 7°46; O, 27-99; N, 2°88°%,). Infrared spectrum, (KBr) 1731, 1709, 1644, 1628 cm 


ethanol. (Found: C, 61°70; H, 7:58; O, 28-02; N, 3-00. Calc. for C,,H,,0,N-4C.H,OH): 


let spectrum (ethanol), 7 257 n log +.0 


oily methyl ester. Infrared spectrum 


ecoacid he was obtained according to Jacobs® as the acidic 
by-product in the oxidation of «-oxodelphonine XVIII to «-oxodelphonone XIX with chromic acid 
Compound XXII (280 mg) was esterified with ethereal diazomethane to the oily methyl ester. This 
last compound was dissolved i solution of O-¢ > sodium in 50 ml absolute methanol and refluxed 


lor }a small volum 1 vacuo a oom temp and water 


acid was 156 mg and it was esterified with diazomethane and chromatographed on 6¢ alumina 


metna ic SOdiuM Nydroxide ! i quantitative yield to the acid nic Vas recrySsta ed from ethanol 
to the constant m.p. of 18 This iterial gave no m.p. depression with compound XXI prepared 


mples showec 


Sodi m amaigam reduction of the sec oacid XX! 


icid XXI (108 mg) was dissolved in 29 ml ethanol, 2°84 ¢ 8 sodium amalgam was 


The 


was decanted 


vorked up exactly as e reduction of the secoacid IX. The yield of ac naterial was 92 


mg 


material was identical with the corresponding spectrum of compound XII (R CH,) previously 


On further elution of the chromatograph with | methanol t ene, 50 mg of oil was eluted 


rhis material crystallized from benzene and after recrys on from the same solvent reached the 


constant m.p. of 197 lhe substance proved to be identical by mixed m.p. and infrared spectrum 


with the ester XIII previously obtal ed by a reduction of the secoacid IX 


Iph nine XXV 


To 2-03 pyro-x-oxodelphinine dissolved 53 ml celtic acid Was added a solution ol 
810 mg p-toluenesulphonic acid in 30 ml glacial acetic acid. After being allowed to stand for 15 min 
at room temp the mixture was heated to 60—-70° for 30 mi At the end of this period 200 ml water 


were added and the solution extracted exhaustively with chloroform. The yield of material thus 


obtained was 1-91 g and it was recrystallized from chloroform-ethanol to a constant m.p. of 305°. 
(Found: C, 66°35; H, 6°75; OCH,, 15-51 Saponification equivalent 271. Cale. for C;.H,,0,N: 
C, 66°07: H, 676: 30CH,, 16°00 Saponification equivalent 290-8). Infrared spectrum, (KBr) 
1732, 1714, 1643 


. 
xe (CCI,). no OH band: 1742. 1710. 1677. 1655 cm 
a of 
Horororm Ciulea mg OF an Ol Which Was, according to its inirared spectrum, identical with the 
methvl ster of prepared in the pre xperin It wa cannnified with 4 
In experiment (a), and the tw« Ws) identical ultraviolet and infrared spectra 
added 
and it was esterified with ethereal diazomethane The esters were c romatographed on iV g alumina. : 
An oily fract mn of 24 me luted with 0.4 lin } frar on f this 
ol 
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Octahydroacetoxyisopyro- 


pound XXV (1-5 


m oxid 


iXXVIII 
d XXVII 


lphinine 
hydrogenated in 50 ml glacial acetic acid with 200 mg prehydro- 


iles of hydrogen was completed in 9 hr. The 


ness and the product recrystallized from 
229 Viel f once recrystallized mi was 


15-96. Cal C, 65°17 


35. 1648 cm 


4% 
of 4? 9 


CH¢ 3600. 3400 


chlorotorm-—ether to a constant m Pp 
(Found: C, 65-45: H, 7-97; OCH,, 
15-82°,). Infrared spectrum, (KBr) | 
Desmethoxy-x-oxodelphonine 
a. The above octahvdro compound (1-11 g) was dissolved in 32 ml methanol and 8 ml of 10°, 
<a AQGUCOUS SOK ydroxide $ ded. The s was heated under reflux for 2 hr. After this 
is time the methan s evaporated in vacu d the aqueous layer extracted with chloroform. The 
chl tort extract is ip) cad ryness and e residue recrysia iron ethanol to a 
Pe of 2 The ter one crvst was 678 me d ( 63.29 H. 8-04 
‘ OCH.. 20-87. Calc. for C, 63-14; H, 8-06 3O0CH,, 21-28°.). Infrared spectrum, 
(KBr) 1648 cm 
The 
a The co (504 ) was dissolved in 30 ml glacial acetic acid and 0-5 ml of a 10 ae 
? ‘ ra 0 s of the c acid s tio ide the 
same Aft ‘ 1 to stan n temp for 20 hr. At Oe ee 
e us rofor for tr | s 108 rofay 
¥ : ed K cries am com bi the for XXIV (R H 
k OH t XXVIII. Infrared spectrum, (hydroxy 1725 (lactone) 
< Hs ithe s es ent 
= r reflux for 2 At the « eriod 60 1 and 
xtracte res rm ct iS rect from 
a at 138 n of ft cid LX prepared from 
; 
to 60 6 ml deuterated 
6-44 cent XSS D. 7°69 atom per cent 
( elp ‘ 108 solve ml C-methanol 
2 The ell eas BaClO d compared : 
f RaCO ) " \ The combustion was 
M.¢ Reid, B. M. To Yankwich, / p. 92. Wiles 
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In three separate combustions the labelled z-oxoisopyrodelp! inine was found t \ a molar 
activity 106, 102 and 99°, of the molar activity of the labelled methanol used for the rearrangement. 
rhis corresponds to the incorporation of exactly one mole of methanol 


Dich L-OXOI1SOP Vrod phinine XLVa 


give 
XLVIIIb 


is ‘ 


te IRA-400 j 


subjec dium 
hydroxide water evaporated 


nd extracted with 


4 4 
This compound was prepared accordi to Jacobs quantitative \ eld x-Oxopyr »delph nine 
i ; was <« ved in absolute methanol saturated in I ro ric acid at 0 The react ture 
ee 4 
a “ ed to stand overnight at room temp. The ; ble comp XLVa was filtered off 
a ecrvs ized tre Cc ethe irte € 2/0 
(Found: C, 61°79; H, 5-95; Cl, 13-42; OCH, 12-10. Calc. for C,,H,,0,NCI,: C. 61-90: H. 5-92: 
Cl, 12°61; 2OCHs,g, 11-03%.) 
Hexadeute pyrod ne XLVc 
4 suspension of 756 n { compound XLVa a | g silver nitrate 25 ml CD,OH s heated 
roto; Alter « cryst if I c DC LC L-OX SOpyrTo- 
oy delp e XLVc was obt ¢ The ¢ reac er several cry S, a constant 
t t 2050, 2245 0 at per cent XSS D. for C,,H,,D,O.N 
5 15-4 atom per cent XSS D.) 
no H ation of compound XLVc 
ae ( d XLVc (492 ; lroge 25 ml glac cetic ac 70 yrehydro- 
t further purificat 
Cor ind XLVIIIb 
; re e of the rofor tract (332 ) was « ed fr f reached a 
cons t m.p. of 26¢ I p. is the e as e have 
presence of bands at 2065, 2210, 2240< ect! ed ¢ XLVIIIb 
OCH 0-7 om per cent XSSD. ( H..D.O.N 17 
7-3 atom per cent XSS D.) 
De met lide XLIX 
) e (30 g) heated der reflux \ 20 yi ether a nethy aide 
reacned the const t m.p. of 208-211 I WwW H 02; I, 21-25; OCH,, 20-44 
Calc. for ¢ H,.O,NI: C, 50-42; H, 7-1] 
The methiodide into the et VOroxide g a methanolic solution through 
a column of the hydroxy! for 
Base degrammaion of delphonine methohydroxide to LI 
Delp} e meth iroxvid (97.§ o) nel } then vas 
This required a period of 2-4 hr, after which the mixture was diluted with water . 7/7 , 
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ether. The t 


otal vield of all five runs was 20-4 g¢ of dark red-brown resin 


This material was subjected 
nels is follows 


iffer pH 5-8 and 500 ml chloroform. Fractions 5, 
rial which was subjected to the next distribution 
ind S00 mi chloroform The 
material which was subjected to the third 


pH 5 und 400 mi 


oroform The 


red trom 


902; OCH Calc. for 


(HCC 


hydroxyl, 


(1) A distribution between 500 mi phosphate 
6. 7 and 8 were combined and yielded 4 of m 
(2) A distribution between 500 mi phospha 
= combined fractions 3, 4, 5, 6 and yielded 2- ee 
fractions 5, 6 and 7 contained 370 mg of colorless hich crys 
< ether to a constant m.p. of 153°. (Found: C, 67-52, 67-52; H, 9-30, = te 
4 
C..H..O.N: C, 67:78: H, 915 22-85°..) Infrared spectrum, no 
1706 cm 
j 
The bis-2,4-dinitrophenythya of LI 
2.4-D rophenylihyds ¢ (22:7 mg) was ssolved xture of 0-5 mi ethanol, 5 drops 
conc cm ter s 25°51 Compo d Li cthanol was 
the < xture heated for 10 ste The entire react xture was 
The iNstance prex tc for iro in cm It was microcrystalline 
m.p. 157 C. $3-70: H. §-73: N, 1645: OCH »-37. 10:22. Calc. for C,.H,.0,,N, 
C, $4-74; H, N, 16-4 WOCH,, 12-12°)) 
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STRUCTURE OF HUMULINONE 


ON THE 


J. N. SHOOLERY, M. VerzeL_e* and F. ALDERWEIRELDT* 
Palo Alto, California 


Varian Associates 


(Received 4 December 1959) 


Abstract—Two structures have been proposed for humulinone (II and Ill in Fig. 1). The high resolu- 


tion NMR spectrum of this and related substances points to the five-membered ring structure II 


HUMULONE is the most important hops constituent. It has structure 1. Humulinone 


is an oxidation product of humulone and was assigned structure II by two of us’; the 


oxidation being followed by an isomerization 
Howard and Slater® preferred a non-isomerized six-membered ring structure (III) 


for humulinone, and claimed to have proved this by preparing the tribenzoate of 


desoxytetrahydrohumulonet from tetrahydrohumulinone in 3 percent yield. Al- 


though we could obtain the tribenzoate in 25 per cent yield starting from tetrahydro- 


humulone, all our attempts to obtain the tribenzoate from tetrahydrohumulinone 


failed. The oxidation of tetrahydrohumulone or of humulone to the corresponding 


tetrahydrohumulinone or humulinone respectively occurs in ether and saturated 


The sodium salt of the humulinone compounds being 


insoluble, these substances precipitate readily when formed 


sodium bicarbonate solution 


We have found that humulone, when its concentration is high, can also precipitate 


as the solid sodium salt. A possible explanation of the result of Howard and Slater 


contamination of their tetrahydrohumulinone by tetrahydro- 


can be found in the 


humulone. The question of the humulinone structure (five or six-men bered ring) was 


therefore still open 
High resolution NMR spectroscopy was used to study the problem. From this it 


became apparent that the hydroxyl hydrogens were of little use for the purpose. 


Rapid proton exchange results in excessive broadening of the bands, the positions of 
which were moreover! dependent on concentration. Other portions ol the spectra of 
humulone and humulinone were practically identical. Significant changes occurred 


signed to the —CH.-groups of the sidechains. 


only in those resonances that could be 


In order to be certain, about the assignments of given resonances to definite CH, 
groups, dihydrohumulone (IV) was studied. This derivative was obtained by partial 
reduction of humulone.’ The spectra were recorded in various solvents and In varying 


concentrations. The best results were obtained in deuterated chloroform. A typical 


specimen of the relevant spectra is shown in Fig. I. 
A trace of tetramethylsilane was added as internal standard.4 The distance from 


she versity 
af i lesoxy compound is 


truc | orogiucil ager itive, tert ry OH ol rey i by hydrogen 


A. Howard i¢ 4. Slater, J. C/ 4 SR) 

*M. Verzele ar M. Ant B s Ci) B 68, 315 (1959) 
'G Van l 


oe 
| 
71 


ery, M. Verzece and F. ALDERWEIRELD! 


o the chloroform peak (still present in trace quantities) 


COTI ponds al I ition ovptal 


NMR spectro! 


orde! 


at lower field 
face area of the resonances 
corresponding wit 1umbet ydroge toms that give rise to each particular 
band, pern 
At about 60 cps from the tetramethylsilane peak resonances of the 
methyl groups labelle« at about 100 cps the methyl groups labelled B; around 


310 cps lies a triplet from the hydrogen atoms labelled C. Hydroxyl proton resonances 


are found at 294 and 480 cps in the humulone spectrum. An additional hydroxy! 


peak, found at ve values (1150 cps) is not shown on the graph. The peak 


at 480 cps for humulone is not always sharp and is sometimes found as a low broad 
band stretching from 400 to 480 cps. The position of the peak at 294 cps in Fig. | is 


dependent on concentration. In the humulinone spectrum the broad band under the 


Varian Assoc., Tech. Inf. Bulli n 3 (1959) 


= BEE ncter at the moment of recording of the spectra of Fig. | was of the a ae 
<a GE of 0S cps for the width of the quadruplet bands measured at hal height. That a 
the comple oh ylecula eight ecules do not give the same resolution under 
tnose condiliol iS not n enon 
j 
" 
I e NMR spectra of one 
iw 
tog As the protons are more depleted of their electrons, or as they are surrounded by i 
| 


On the structure of humulinone 


chloroform peak is attributed to hydroxyl proton resonances. In the dihydrohumulone 


spectrum the ¢ )H peaks are found at 278 and 452 cps. The six resonances in humulone 
ranging from 152 to 190 cps must be ascribed to the CH, groups labelled E, F and G. 
Each group gives a doublet because of spin interaction with the one alpha hydrogen 
in each case. The central doublet at 166 and 173 cps has a characteristic shape which 
is found practically unchanged in humulinone ( 161 


(165-172 cps) and can therefore be attributed to the CH, group labelled E since it 1s 


168 cps) and in dihydrohumulone 


the only one with unchanging environment In the three compoun his is confirmed 
by studies in progress on other humulone derived subst he humulone doublet 
at 183 and 190 cps has disappeared in dihydrohumulone and belong to the CH, 
t 152 and 159 cp then caused by the 


The remaining doublet at | 


group labelled I 


CH, group G. 
For a substance with structure III we would ex I 
to obtain a NMR spectrum with a doublet of double intensity around 152-159 cps 
the unchanged doublet at about 166-173 cps. 


he above considerations 


(CH, groups F and G in III), next to 


(CH, group E), but without a doublet at still lower field intensities. As seen in Fig. | 


this is not the case. A doublet abi is found at values 
This is in agi »xpect for humuli- 


ble bonds in 
and a carbonyl 
iblvy bonded 


(difference 


According t 
and a carbonyl 


Counting 


we W ould 


expect a downy 
humulone 
agreement wilht 
cps in humulone). 


int 
Taku LO 


173 
27; 
4 
wt none with structure II. The methylene group F attached to twe 
fe? humulone has now become attached to one dou ded ci I 
y I the eTrect = n¢g ns ants ‘ a 
oe carbon eroup are /Y cps and 1U2 cps at OU me respectively 
_ 23 cps). Gam on additivity of the shifts, which 1s very ofte e casc> i 
— 
he 1 resonance shift of about 23 cps going from the CH, group F in 
ee in ip in hun none with structure II. This ts in excellent 
n nane (arioit wv at 122 on 
double found at CPs 1n ] LILITIC ally at 10. i 
nsideration the close repr the chemical shifts for all 
other CH. resonances 1 e three different comy we the observec 
: phenomena are significant and that NMR spectroscopy ts quite definitely to a 
phe 
ao } ctr tire 
five-ring humulll e structure 
EXPERIMENTAI 
ext sb s. Humu- 
} rer 
PUTA ~ . 
> scertls ead OY 
Om ct (2-5 2) 
eis N Ce 0 afforded 
cu i 7 
and gives a 7le pe re | 
2. NMR Spectra 
ll I Fac Sampie was 
diluted until Droade elfects due scosity a ce . 
observed 
4 
a 
aes 
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Associates Model V-4300C High 
met and VK-3506 Flux Stabilizer 


ted at several hundrex rpm 


ternal 


netriment i for th n rements was a Varian 
ger ne strument used tor tne casure ents was ark ; 
Resolu NMR spectrometer V-4012-SM 12° Electrom: 
byvas r turbine dur eT of the spectra. Cal ol pe Teialive 
fer rd f sid d method, using a 
Hewle Pac rd 200-CD osx tor red t 10us Hewlett-Packard 521 C Electronic 
chk? rhe rsa ct M I J son for his assistanee in obtaining 5 
the spectr: 
a 
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TERPENO!IDS—xXXI 
THE STRUCTURE OF COSTUNOLIDE, A NEW SESQUITERPENE 
LACTONE FROM COSTUS ROOT OIMl 


A. SOMASEKAR Rao, G. R. KELKAR and S. C. BHATTACHARYYA 


National Che cal Laboratory, Poona 


Abstract—Costunolide, the new sesquiterpene lactone isolated from costus root oil (Saussurea lappa 


nd the formation 


rHeE costus plant, Saussurea lappa Clarke belongs to the compositae family. The 
essential oil obtained from costus roots is highly valued in perfumery as a blending 
' The chemistry of costus oil has been studied by a number of workers particu- 
larly Semmler and Feldstein* and more recently by Romanuk et al.* Recently we 
have isolated costus oil from costus roots under mild conditions by a modified 
solvent extraction procedure with petroleum ether, details of which will be published 


shortly. The oil thus obtained is quite different from the oil examined by previous 
workers. One of the constituents of this oil is a new crystalline sesquiterpene lactone 
which we have named costunolide. This lactone is rather unstable particularly at 
elevated temperature. This may explain why the earlier investigators failed to detect 
its presence in costus root oil. This appears to be a primary constituent of costus oil. 


Iwo preliminary communications!» dealing with its structure and absolute con- 


figuration have al 
Costunolide (1) is a lactone having the molecular formula C,;H,9O,. It contains 


ready been published 


three double bonds as shown by catalytic hydrogenation. Complete hydrogenation 
gives the fragrant liquid hexahydrocostunolide (II) of the formula C,;H,,0,. Hence 
costunolide (I) is monocarbocyclic. Partial hydrogenation of costunolide gives 
dihydrocostunolide (II]). Costunolide (1), dihydrocostunolide (II1) and hexahydro- 
costunolide (I1) show I.R. bands at 1764, 1779 and 1764 cm™ respectively suggesting 
the presence of a y-lactone.6 While costunolide (I) gives 0-40 mole of formaldehyde 
on ozonolysis, dihydrocostunolide (III) gives only a trace on similar treatment. 
Costunolide (1) shows strong ultra-violet absorption (A,,,,, 213 my, log e, 4:21) which 
is substantially reduced in dihydrocostunolide (III). Hence costunolide has a methy- 
lenic double bond (=-CH,) in conjugation with the carbonyl group of the lactone 


moiety. In agreement with this conclusion, costunolide consumes only two moles of 


* Part XX: Submitted to Perf. & Ess. Oil Re 
Contribution No. 615 om t Nationa! Chemica! Laboratory, Poona, India 
+E. Guenther, Essent Oils 5, 446 (1952) 
* F. W. Semmler and Feldst B Dtsch. Chem. Ges. 47, 2433, 2687 (1914) 
1M. Romanuk,. V. Herout and F. Sorm, Col/. Czech. Chem. Commun. 23, 2188 (1958). 
4A. Somasekar Rao, G. R. Kelkar and S. C. Bhattacharyya, Chem. & Ind. 1359 (1958) 


5S. C. Bhattacharyya, G. R. Kelkar and A. Somasekar Rao, Chem. & Ind. 1069 (1959) 
* L. J. Bellamy, The Infra-red Spectra of Complex Molecules, p 153. Methuen, London (1954) 
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Clarke) is ( ctu i he basis of dehydrogenation, ozonolyses and 
of santanolide inder mild conditions 
: 
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perbenzoic acid, the methylenic double bond being inert due to conjugation with the 


carbonyl group of lactone moiety.’ 

Lithium aluminium hydride reduction of costunolide (1) followed by selenium 
dehydrogenation of the crude diol (IV) gives | ,6-dimethyl naphthalene (V), presumably 
formed through initial lization of the diol (IV), followed by dehydrogenation with 


concomitant elimination of the C, unit, which in the parent compound necessarily 


ic acid on OZO- 

ictone (V1), and the 

tunolide must be represented 
le (111), esterification of the 


fractionation gave as the higher boiling 


fs 
9 
KIV xy 
¥ 
Wi e the seat « e la oiety. Hydrogenation of dihydrocostunolide in 
acetic ac rise toa tone (VI p. 154 WEE is bicyclic 
is olecu fully tur ature This on selenium 
de iro 1-1 apht Vil) These observations 
iwgest t th costur | n rbocyt in be readily converted to 
com] ed on 1 cy cance st Rigorous proof of the carbon : 
Skcle ctone (V1 | 
( de (I droc iil d the diol (VIII) obtained by lithium 
no ind i the Cart Sh 
by struct l or | Oz lihydrocostu! 
Mierdichian, O > Vol. 2. n. 89 Reinhold. New York (1957) 
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portion, the compound IX having the molecular formula, C,,H,,O;. On the basis of 
either formula I or la for costunolide, the compound IX must contain one ketogroup, 
one ester group and one y-lactone group. In complete agreement with this expectation 
the I.R. spectrum of compound IX showed bands at 1718 (methyl ketone), 1756 
(ester) and 1778 (y-lactone) cm~*. Compound IX forms a mono 2,4-dinitrophenyl- 
hydrazone, can be saponified to the acid XVIII of the formula C,,H,,O, and consumes 
2 moles of hot alkali. 


Lithium aluminium hydride reduction of compound IX gives the tetrahydroxy 


compound X which reacts with sodium metaperiodate giving formaldehyde, thus 


showing the presence of two vicinal hydroxy! groups, in compound X. Costunolide 


undergoes hydrogenolysis during hydrogenation to give the acid XI. The diol VIII on 
oxidation with activated MnO, gives the «,/-unsaturated ketone XII. These observa- 
tions show that costunolide has the structure shown in I. 


| 
| 
| | 
| 
| 
| 
al \ 
| | | 
Fic. | 
| 
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lhe facile cyclization of some of the members of costunolide series also supports 
the presence of a ten membered carbocyclic ring in costunolide. The crystalline 
lactone (VI) is a cyclized product as mentioned earlier. Dihydrocostunolide (111) can 
be cyclized to the cyclodihydrocostunolide (XIII). The bicyclic nature of XIII is 
shown by the molecular formula and the presence of only one double bond. The 
absolute configuration of the lactone (VI) at C, has been found by the molecular 
rotation difference method. The molecular rotation difference ctone-di 
144-8) between the saturated lactone (V1) and the corresponding diol (XIV) shows 


— 


the region 700-1350 cm 
ijol) 994 (chloroform) 
yn. Hence VI ts a trans- 
This leads ition to the C. side-chain of 
of costunolide (1) follows from the absolute 
(VI) at C, and C,. Atan carly stage of our investigations, 
the lactone (VI) m.p. 154-155° with santanolide *“C’ (m.p. 
ver. in view of the large difference in m.p. and 
conclusion; but in a recent paper 

iple of santanolide “C’ m.p. 137 
santanolide “C’ subsequently prepared by them 


; that of compound VI. In view of this, and 


(VI) with santanolide “¢ 


lhe molecular rotation difference (AM 50) between the hexa- 


hvdrocostunolide (Il) and the corresponding liol (XV) is negative whereas the 


(1957) 


stunockde 
~ 
\ 
\ ~ 
5 
\ 
\ 
: 
4 "fi 
Fic. 2 
that the la 
the lactor 
which 1s 
’ 
conhiguralt 
we suspec 
quoted at 
rotation \ 
Herout at 
| 39 was il 
‘ has a m.p. 153-154° which is the same 2: 7 
the similarity of infra-red spectra the identity of hr 
may 
mm. 22. 
* V. Svkora and M. Romanuk, Coll. Czech. Chem. ¢ 22, 
104 
tel 'T. K H. Kamio, M. Su M. Nishika J. Amer, Chem. Soc, 8, 3705 (1958) 
M.H ( h. Chem. Comm. 21, 225 (1956) 
Herout and F. Sorm, Chem. & ind. 1959) 
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molecular rotation difference (AM), cconc-aior 52) is positive in the case of 
corresponding compounds prepared from arctiopicrin, though the absolute configura- 
tions of costunolide and arctiopicrin™ are identical at C, and C;. This suggests that 
probably the two C,;H,,O, lactones do not have identical absolute configurations at 
both C, and C,. Considering the method of preparation employed by us, hexahydro- 
costunolide (I1) must have the same configurations as costunolide at C, and C,. In 
the case of the C,,H,,O, lactone ([«],, 26°) prepared from arctiopicrin a change 
in configuration at C, is rather unlikely whereas a change at C, may be possible, 
during the preparation of ethylene thioketal from the keto-lactone (XIX). The 
conversion of coprostane-4-one to the ethylene thioketal of cholestane-4-one may be 
cited as an analogy.* Hence in all probability the C,;H,,O, lactone derived from 
arctiopicrin is a cis-lactone having the C, side chain «-oriented. 

The importance of ten-membered ring (carbocylic) compounds in terpene bio- 
genesis has been discussed in the literature 4,15 Costunolide is the parent lactone of 
this group. Recently, Herout and Sorm"™ have come to similar conclusions about 
the structure and absolute configuration of costunolide isolated from Artemisia 
balchanorum. 

EXPERIMENTAI 

All melting points and boiling points are uncorrected. Rotations were measured in chloroform 

Ultra-violet spectra were taken in 95%, alc hol. Microanalyses were carried out by Mr. Pansare and 


colleagues. Infra-red spectra were determined by Mrs. S. Das Gupta and Mr. Nagaraja Rao. 


lsolatior of cost rol (1) 

Costus root ybtained by modified solvent extraction method developed by us was diluted with 
four times its volur netroleum ether (40—60°), cooled to 0°, seeded with costunolide and kept in 
the refr nethanol 
(3-4 ml 
obtain 

spectrur 
1443, 1376, 132 
841, 815 and 7 mol.wt. by saponifi 


requires 4 


Hexahydrocosti 


A solutior tun | 7) in alcohol mil) was hy nated at om temp at 60 atm 


in the presen 


Ivanoff, 


4 
(11) 
the 
ce Of platinum oxide (0°14 catalys rhe iture \ ed 0) is the 
+} tered nt norated 
end. After the hydrogenat was complete e cataly i iT a e sol € rated 
The residue was passed through alun i id ed to give hexa lrocost de (11) as a fragrant 
liquid b.p. 135-138°/0-4 n 1-00 1-4880 25 3-6). Cf d: C, 75:5: H, 11-0. 
C,,H.,,O, requires: C, 75-58; H, On chromatography a fraction with 36° was 
obtained 
1.R. spectrum (liquid film): bands at 2833, 1764, 1451, 1374, 1334, 1287, 1230, 1174, 1043, 1006. = 
ORR 973. 945. 979. GID. RRR. RIS. 8O3 and 764¢ 
Hexahvdrocostunolide (11) can also be obtained by the hydrogenat of costunolide (1) in : 
com the presence < pia im catalyst t atl press Dut the nydrogenat s slow after the a 
absorpt of | mole of rove 
‘2M. Suchy, M. H k, V. Herout and F. Sort ( icta 29, 247 ); M. Suchy, V 
Herout iF. So ( 24, 1542 $9) 
*R. Stev Oo L. F. I r, J. Amer. Chem. S 78. 1409 (1956) , 
“D. H. R. Barto d P. de Mayo, J. Chem. S 1S! 
Suchy. M. H ik. V. Herout and F. Sorm, CA & Ind. 894 (1957): 1. Ognjanoff, D. 
V. Herout, M. Horak, J. P ind F. Sorm, /bid. 820 (1957) 
ity 
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Cos e(l ) ilcol s! rogenate sing 5°. palla charcoa 
The eC e cxlr c sor | 0) 
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of the 1 10 7 itl 
213 LR.S N B 2 444 
12710 } 04 | { 0 6. & 

The s 0-35 ca 
liquor er ill 7-78 

> ( 
urthner cc 
Santar 
rate ol 
catalyst at ro p. H er the absorp ¢ 2 
rem ecu t 100 cr p Ihe iS LAKE 
carbonate sol the th water. Re f ether furnished 13 ¢ residue 
This re 20 b ethe 
137-139 53-154 

The e (VI t sho str SOF he U.\ 
perber ac e LR 
sh absence of e (VI | e (VI 
alka recoverc e alk es uc 

L.R. spec N ds 2865, | ; $52 80, 1345, 1282, 1262 
1169. 1075. 106? O4 030 014. 99? 77 OFS RID RSR RWS 


f » be t of s e I 
s: 22, H, 10-24 

crys ol e Vi onc rapny ve the Nexa- 
hy il b ( 2 5). spectr vas 
ide cx rocos e (Il) obt ed b $ me 
Isolation of the XD 

Cos vdroge kc 5 al is catalyst. The 
hydro ifter 2 The ¢ yst was filtered 
solutio The rix ex cto ctio ether an 


he methyl ester (XVI) on lithium aluminium hydride reduction in the usual way (see below for a 
representative example) furnished the alcoh XVID) as a juid b.p. 135-140°,0-05 mm (bath) 
(Found: C, 80-¢ H. 11-9: ¢€ H O requires C, 81-02; H, 11-79 ) 


Diol (1V) 


Costunolide (7-0 g) dissolved in ether (150 ml) was added slowly to a suspension of lithium 


¢) in 100 ml ether at 0 After stirring at O° for | hr, and heating to reflux 


> 


aluminium hydride (1 


g) as catalyst, 
lum car ate 
crystallization 
ind 719 cn ore, 
The 1 her 
| 
io 
e of m 
i with s im 
$1, 1220, 1193, 
C,.H..O, requires: C. 76-75: 10-47°2) 
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for 14 hr, the reaction m 


xture was Coc led, ar 


lium aluminium hydride decomposed 
carefully by addin ropw old wate Th m hyd ed off and washed 
IV (7-0 g) as a glassy materi t 8 distilled to give slightly impure diol (IV) b.p. 
160-180 mm (bat! ound i, 76°22; H, 10-24%). 


Se wm dehydr 


0-16 
ns the 
plex of 

N 


om nexXa- 


: 
— oc enation of the diol (IV) 
ae The crude diol (IV, 6°6 ¢) was xed with selenium ( °) and heate rogen atmosphere 
at for 48 Dis it fier shed 1-00 te \ = 128 124 mr cl was rified 
by distillation over soc The clear distillate thus obtained was characterized as 1,6-dimethyl- 
naphthalene throug! picrate (crystallize rom alc 1), M.p. ar nixed m.p. with an authentic 
sample 111°. lit m.p. 110-111] nd ( $5.42 H. 3-67 N, 11-3 ( H..N.O. requires: 
56-1; H, 3-92, N, 10-91 ) s-trinitrobenzene complex (crystallized fron cohol), m.p. and 
ee mixed m.p. w in authentic sample 130-131 t*® m.p. 131-132 Found: C, 59-38; H, 3-63, N, 
a 11-8. C,,H,,N,O, requires: C, 58-53; H, 4-09; N 38 
he 
a a The lac e (VI, 1-2 s heated w sele I 6 g) at 270—-300° for 48 hr in nitrogen atmos- 
phere The duc ) 200 e end io remove the 
. © Was . . IS a coholic 
LSS xicle 2 Ss e, 10 water a It was 
the er extracte th ether. The ether extract ent remov followed by 
i 
é > 
l-met ene prepare ) t I 0-02; H, 4 
—. 11-4 r the sample f ictone (VI ( 0-32; H, 4°38; N 2 r the sample 
hydrosantonin); C,,H,;N,O, requires; C, 59-53; H, 447; N, 10-96%) 
2% 
4 
— 
oF de (1, 0-2 diss ed 0 i Strean ed 
OxVge 0-3 e per hr Ss rhe steam distilled 
treate es | ec ine I ne 
m.p. 18¢ eparate eighe 2¢ After n the sample of 
cost e (IIL, 0-30 ¢) er $ gave y 12mg precipitate m.p 
176-184 : 
R R 
Cost (1, 9-4 g) was diss ed ce and a stre ed oxygen 
was SSCU ine is Cc ine s e end the 
Si as ; ) $s s taken and the 
nu ero CO-CH, g stin ec ) K e (Found 
ver of methyl ke eg 2:3 calc e structure (1) 2+ Che higher value 
experime ly De e presence enydes 
ee. 1*¢C. F. Seidel, P. H. M H. Sc | 27, 738 44 
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The remaining part of the aqueous solution was separated in the usual way to the following 


fractions: (A), neutral, volatile; (B) neutral, non-volatile 


Fractions A and B were not studied 
| 


tropic acid test Fraction D was esterified with diazometh: al 


fractions b.p. n b.p. 60-80 5 
Pave 
levulina 
C, 46°45 

Fract ns 

D VILL) 


> 
(200 ) 


Dihydrocost 
usual way. The: 
when two fractions were 
has been identified as methy! 
ated and the portion (IX) b.p 
(c, 5-0). (Found: C, 57-7; H, 7 
7-07 Eq. wt. 114) 
Compound IX gave a yellow 2,4-dinitrophenylhydrazone n 
N, N, 13-72°,) 


Saponification of ester (1X) 
alcoholic s 


mn ol potassium 
The sapor 


The ester (1X, 1-4 ¢) was heated for 


hydroxide (1:3 ¢ pot 


0-002 1 


The este 
li hratO 
decomposed 
precipitat 
aqueou 
solutior 
and extracted wit! ! a liquid nd tractor 


in vacuum 


Elsevier, New York (1956) 
mnds Vol. 3. p 


in Organi sis p. 340 
on and Bunbury Dictionary of Organic Comp 


(C) volatile acids: 


requires 


ana tin ot \ | rat as conce 


iltered ¢ 


rhe tetrahydroxy compound (X) thus obtained did not crystallize 


(D) non-volatile acids 


The presence of formic acid in fraction C was shown by chro- 


ractionated three 


5g); (ili) b.p. 125-15 3-5 mm 


f methyl 


requires: 


m hydride (3-0 g) in 
re was cooled and the 
hydroxide was 


the diol (VIL) [x] 


hlm) no band at 


nium 


yned earlier Methyl 
Pp 


The other 


was worked up in the 
acuior ated 

(Yield 5-9 g) 

vas refraction- 

0 

H, 


1 water bath with an 
water, 10 ml alcohol) 
ified ester (LX) 
extracted with 
il followed by 
(Found 


il - 


ded in ether (30 ml, 
im hydride was 

ed to dissolve the 
rejected The 

m carbonate 


ntrated to a small volume 


The loroform extract on 


the filtrate concentrated 


On treatment with 


178. Eyre and Spottiswoode, London 


ad 
i 
19 
v 
alum 
- ether = the usual way. After the reaction was complete the mix 
4 excess of lithium alu im hydride decomposed with ice water. The alu ‘ ; 
7 filtered off and washed with ether. The ether layer on solvent removal gave [i "i 
35-1° as a syrup. This is used as such for the next step LR spectrum (liquid 
1779 cm™! (absence of y-lactone), strong band at 3315 (hydroxy! group) 
(itt) Ozone s of the diol (VILL) 
diol (VIII, 6-2 ¢) was ozonized and worked up in the same way as 
Le levu nate yield | was tac cu yuraZzone 
with an authentic sample 140—-141° (Found: N, 18-3 C,,H,,N,O, requires: N, 18-0¢ 
fractions were not studied critically 
(iv) Ozonolysis of dihydrocostunolide (U1) 
tate solution. It 
60° 0-4 mm (w 
: 
13. C,,H,,O, re 
p 94-95" (Found: N.13°6. ¢ H..O, 
j 
assium hydroxide, 2:5 n 
4 ed and extracted with chloroform to remove 
4 The aqueous layer was made acidic and heated « i water bath for | hr. It ‘ 
a chlorofor liquid-liquid extractor. The chloroform extract on solver 
- distillation of the residue furnished the acid (XVIII). b.p. 150-170 ‘Hh 
C, 55-6: H, 66. C,,H,,O, requires: C, 56°0 H, 6° 59",) 
i Lithium aluminium hydride reduction of ester (1X) 
lium al 
»>N) is 
ether ¢ 
A ad 
: 
# 
Feigl, 
(1953) 
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sodium metaperiodate solution the crude tetrahydroxy compound (X) gave formaldehyde (estimated 
as formaldimethone) in nearly quantitative yield . 

Lithium aluminium hydride reduction of the lactone (V1). The lactone (V1) was reduced by lithium 
aluminium hydride in the usual way. The diol (XIV) was obtained as needle shaped cry stals m.p. 
116-117° (crystallized from benzene—petroleum ether mixture). Rotation: 62 (c, 4-8) 
(Found: C, 74-95; H, 11°5. C,;H. sO, requires: C, 74-95; H, 11-74%) 

I.R. spectrum (Nujol): Bands at 3110, 2820, 1452, 1374, 1341, 1261, 1053, 1040, 1019, 1002, 974, 
961, 945, 917 892, 869 .853 and 832 cm 

Diol (XV). Hexahydrocostunolide (II, 2:2 g) ([a]p 32°) (purified by chromatography) was 
reduced with lithium aluminium hydride (0-5 g) in the usual way to give the diol (XV), b p. 153-155 
0-4 mm (evaporative distillation). [), 11° (c, 2-1). (Found: C, 74:03; H, 11-95. C,,H Os 
requires: C, 74-32; H, 12°48%). I.R. spectrum: No band at 1764cm™'! (absence of y-lactone). 
Strong band at 3310 cm™' (hydroxyl group) 

Cyclodihydrocostunolide (X11). Dihydrocostunolide (III, 0-15 g) was heated to reflux with acetic 


acid (1 ml) and acetic anhydride (1 ml) for 4 hr. The solvent was removed under suction. The residue 


was taken up in ether and washed with sodium carbonate solution. The ether extract on solvent 


removal followed by short-path distillation in vacuum (1 mm) gave 0°13 g cyclodihvdrocostunolide 


(XIII) which had the m.p. 120—122° after two crystallizations from pet ether (Found: C, 77-4: H. 


9-4. C,,H,,.O, requires: C, 76°88; H, 9-46°%,). The compound (XIID) after 8 crystallizations showed 
a m.p. 134—-136° lit m.p. 136-7"; 135-5 


The «,f-unsaturated ketone (X11). The diol (VIII, 0-15 g) was dissolved in pet ether (40-60°) and 


shaken with activated MnO, at room temp for 24 hr. The manganese dioxide was filtered off. The 
filtrate on removal of solvent at 40° gave a viscous oil which appears to be impure «,/-unsaturated 
ketone (XII). U.V. spectrum: Amax 229 mu; log e 3 2. No attempt was made to isolate the pure 


x, $-unsaturated ketone (XII) 


2° W. Cocker and T. B. H. McMurry, J. Chem. Soc. 4549 (1956) 


10 (20 pp ) 


v 
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Received 24 December 1959) ie 
— Th serve properties a some selected reactior e hydroxylycoctonine 
as IV and it dror s ill 
THe remarkable X-ray analy of a derivative of lycoctonine led to structure I for eo Sea 
this complex di-terper A majority of the results of th xtensive degrada- 
| a { Ed is ef plicable by this structure, which was also ae 
8-8: hydroxylycoctonine: pA 5-6 in 
reaction very likely took place in the envi 
uld he yxidized vill 
UA ‘ Cul wi pUlas 
result can cle : 
aly 
hydroxy 
In a prelin 
M.P yish L. Marion, ¢ J. Chen 
* For ) which is esta lly, 
M K. R ped J Chew 34, 1315 (1956) 
‘kK. W F. Bick D. R. Bat iM. G Tet Letters No. 3, 11 (1959) 
K. W M. « DLS L. R. Fo r, F. W. Ba or. R. F. C. Brown and G. Hi, ug : 
L.M ¢ 37, 1116 (1959) 
‘oO. I L. M 2 1952): 32, 1146 (1954) 
wR. C. Cook und M. E. Trevett, Chem. & Ind. 276 (1956) ; 
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IV formed by the hydration of III." The remarkable formation of III in the oxidation 
of lycoctonine with lead tetra-acetate or silver oxide can be visualized either as a 
concerted reaction (as indicated by arrows in formula I) or as a cyclic reaction of the 
type commonly assumed for lead tetra-acetate and periodate oxidations. Structure 
IV for hydroxylycoctonine cannot be considered as rigorously proven chemically, but 
follows logically from its physical and chemical properties. The unusual stability 
of the intramolecular hydrate has precedents in other cyclic compounds. It was 
found, for instance, that an oxidation product of delphonine (partial formula VIII) 
was almost completely hydrated since it showed no peaks in the infra-red carbonyl 
region,**»° 

he significantly lower basicity of hydroxylycoctonine must have its explanation 
in the fact that the hydrated form (IV) is the in portant species in the base-conjugate 
acid equilibrium. The low pA, value is readily reconcilable with the carbinolamine 
ether grouping present in IV. The spectroscopic results also find a ready explanation 
in this formulation. 

One interesting experimental result of Edwards et a/.? deserves comment at this 
point. They reported that lycoctonamic acid methyl ester (partial formula la) hydro- 
lysed rapidly with base, while the corresponding ester in the hydroxylycoctonine 
series 1Va was almost completely inert under the same conditions. Since the additional 


C—O grouping of hydroxylycoctonine cannot be in a direct proximity e carbo- 


methoxyl group, the effect must clearly be a conformational one. As can be seen from 


the two formulae, the formation of the oxygen ring in [Va displaces the C,-methoxyl 
group in the direction of the C,-carbomethoxyl g1 and increases the steric hind- 
rance at the reaction site 

Since we were in the possession of a relatively large amount of lycoctonine, 
obtained from the roots of Jnula royleana 517 we decided to study hydroxyly- 
coctonine by additional experiments \ yiycoctonine was reduced with sodium 


borohydride in methanol to a crystalling compound, C,;H,,O,N, m.p. | 


appears quite likely that the oxidation with silver oxide facilitated by the format of a favourable 
cyclic Complex, since tl nild 
Professor K. Wiesn 


* The observation of Lyle et a/. that th i f 1-methyl-4-piperidone and |l-methy]-3 ridone crystallize 


112 agent Gocs not usu 


with one molecule of water and do not absorb the cardony! region of tl ! i l um Is significant 
in this connection. [R. E. Lyle, R. E. Adel and G. G. Ly J. Org. Che 24, 342 )) The formation 
of an intramolecular hydrate between the two unsaturated functions of (IID is then simply a consequence 
of a favourable steric arrangement 

© A. Khaleque, S. Papadopoulos, I. G. Wright and Z. Valenta, Chem. & Ind. $13 (1959) 

‘7 O. E. Edwards and M. N. Rodger, Canad. J. Chem. 37, 1187 (1959) 
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which had no carbonyl peaks in the infra-red spectrum. In consideration of the 


properties of hvdroxvivcoctonine this change ts best explained as an elimination of 


water and the reduction of a ketone and a C N grouping to the triol (V). The 


of structure \ wuld be establi i by an oxidation with periodic acid 
vield He » (VI). 


infra-red 


of V1 toget 
epared from VI 


t\ 


| 
: 
correctness 
which gave 
‘bsence of a five-membered ring ketone peak in the 
= spectr r with the fact that the correctly analyzing olly monoacctate 
2 Vil in two steps) did not contain a hydroxy! group establishes the ; 
this compound 
¥ 
7 
‘ 
H 
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Treatment of VI with silver oxide in methanol yielded a water soluble material 
which, according to its infra-red spectrum, was clearly an amino acid. It was not 


further investigated. 

At the present time we have no rigorous proof for the configuration of the second- 
ary alcohol group in V. However, it was observed in a preliminary experiment that 
the diacetate of V slowly loses a molecule of acetic acid on sublimation. Therefore. 
the hydroxyl group is very likely trans to the (¢ g-methoxyl group. There is no doubt 
that this methoxyl group has the same configuration in V and III as in I. While 
equilibration of this group is possible in III due to the «-keto gr up, a conformational 
analysis clearly shows the greater stability of the original lycoctonine configuration 
at C, 

While this work Was Il es award fa . a 


hyd IAVIVCOC 


structure III for the anl m sal n this new communication, they retained 


ure II as the representatior ivdroxyly tonine h series of experiments 
inhydronium salts. 
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lationship of the nitrogen ring and the 
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H wetal Vi. Tr V (252 ) was treated thal periodic acid solut (50 ml) for 30 min : 
at room temp. 7 excess of s destroy by ad ¢ ene glyc 2 ml) and 
the react ed for t e for Basific of the 
solut in so nt ro rotor vic ed 4 ia vi iterial 
Chromat rap she ] Iractions 
by red spectrosc be homo s. A p chi tog Iractior is dried 
for a sasatl 0° for 48 hr. ( C, 63-91; H, 8-60; O, 24-46; OCH,, 25-03 
( H,,O.N requires: C, 64-21: H 4: O, 23-95: f OCH,, 26°55 form) 1707 
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© tl. ) rit pr the residue is 
ci etween ¢ 1 5 H.SO B ft cous er with 
SOK carbonate, extr th rotor ad ¢ the sol ed an product 
(92 ncn Was Cc raphed o cid washed alun ats @) Elut hl methanol in 
: **O. E. Edwards, M. Le d L. Marion, / Ci Soc. 192 (1959) 
ea) +’ Experimental det together with t cceptance of structure IV r hydroxylycoctonine were published 
as by the National R ch Council authors after 1 npletion of t manuscript. [O. E. Edwards, 
: M. Los and L. Marion, Cam I. Che 37, 1996 (1959).] 
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chloroform gave the desired tate V1 (43 me). vI.R. (chloroform) 1735, 167 ,no OH peak; 


226 n which w: ned { inal at 180°/0-02 mm. (Found , 65-01; H, 7-92; oO, 


O.N requ H,8 


for 24 hr with freshly 

1 under reduced pressure, 
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= 
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Oxidat VI with silver dd He cetal V1 (22 mg) was shake 
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ACIDS AND THEIR PEPTIDE ANALOGUES! 
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Abstract— New ami 
SO,-NH 


Cai aspects 


[HE amino sulphonic acids, struc of interest from 
emicai and aiso the andpoint, [ ti-metadoutes. 


1 Mulder prepared a numbe ino sulphoni is and MclIlwain*® 


ibitory effect on 


sulphonic acids 
tested for 
their inhil y effect on the g th of 1 re: ms; in addition, their effect on 


the growth of 


R.CH 


- 


NH 


lat 1 
ation Or Denzoyialio!l 


M. and P. Moses 
Department of Organic Chemistry, The Hebrew Univers Jersualem : 
(Received 17 N mber 1959) : 
a. underlying the reactions ed are discusse 
Baker 
extended the study of these compounds and tested some [or thelr 
€ IC 
tumours are under investigation. 
" New amino alkyl sulphonic acids were obtained by modifications of the methods 
of Mcliwain.* Unlike the x-amino acids, the x-amino alkyl sul; nic acids are 
unstaDie In acid and aikali solutions, Gdecompos tO aiadenyce, suipnur ide and 
ami at ULECSLCU cil & Lit lad ty Ui SUI) ALIL 
group is further increased by the presence o ¢ amino group; the free electron pair 
ont nitrogen at Ss CapaDle of unde ng eiectromer;ric tO the u stable 
imine.’ with rupture of Ca On-suipnur DONG and OT proton 
- | R.cH + SoM” + | ~R.CH + SO, + NH, 
- 
| 
= NH 
H 
\c\ Ieee of the amino group greatly er ices the stability of 
these compounds; the eiectron pair of the nitrogen 1s ‘ Participate in an 
electromeric Sniit wit tne Caroony fTOUp, LOUS SUpPPpTess! the tendency of the 
compound to revert to the unstaDie it 
ine coupling ot the a-amino al .Vi Suiphonic acids with a sec aq amino acid 
. * Abstracted from a nitted by P. Moses to the Senate of the Hebrew | sil 1 partial fulfil- 
ment e req ! or the Ph.D. (1959) 
‘ * H. J. Backer and H. Mulder, R Chim. §2, 454 (1933); Jbid. 53, 1120 (1934) 
H. Mel Che ‘ +] 
*H. Mcl 1, Brit. J. Expt. Path. 22, 148 (1941). 
= * L. E. Hinkel, E. E. Ayling and J. H. Beynon, J. Chem. Soc. 184 (1936) 
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Pounds analogous to peptides Dul containing the suipnon- 
amiac group was unsuccessiul DV adaptall ol ATK me as 
s\V nesis i he failure ne ino Vi SUIDI ac sto coupie W a 
acia 18 provad gue tot ns ty as we as ) re oO 
reaaginess pal ne su ur alo act a in Cicer “acCce aras the 
| 
j 
eroup as compared to e card up e carbo. acids 
The reluctance of the suiphur at e su uc 1S ised DY 
ang a ethane suipn Cc ack aren 0 ure “aceli ene 
suiphonyi chioride to react a ine suly c acid unde Ae CONC 
There are reasons to Delieve O u a » SUTT acl 
molecule provides internal compensatx anv possible elects deficiency on the 
the Inhur atam to nlav the rol ntar to extern 
binding electrons. Furthermore, this postulate KC effect o up 
mav depend upon its prox ty to the acidic func Thus the a-a alkyl Mer eg 
sulp! onic acids GO not Io! suipnhonamides The p-a SUID acids do 
form suip onamides but oniv to a CU CAL Ut 11S ited OY Tne are Wil 
whic taurvi oride Cel JLIVeS ‘ YWOAVLIC St 
their to coupie Wit tess TeAcrive ee a acigs and W a 
sulphonic acids. With s urther removal of the a » group fr e acidic 
™. the ciectrop C CNATACICT OF COTE ait ues crease 
BEE: molecule becomes capable of undergo pe e’’ coupling even with a 
gemial amino alkyl sulphonic acid ¢ pone Thus Helteirch and Otte caused 
sulphonyl chloride to react with |,4-a o butane 
| to form the corresponding dipeptide 
, 
distinction to the negative results obtained with the x-amino alkyl 
Jj!) component, viz. taurine. Thus we were able to prepare the et vl : 
» the mat he lis } 
| of alcoholic hydrazine, reaction did occur, but the fina 
R. Vaughan, Jr., J. Amer. 3, 354 $1) 
Gross W " \ \ \ll ». 452 
Sp H. ( mis Vol. p. 880. John Wiley, New York (1949) 
Helferich and G. O J. n. (NF), 1, 2 (1954). 
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-peptide”, Uemroy! croup ci ysis 
1g the peptide bond. The desired free “‘di-peptide™” was, however, 
senandine carhohenzoxy derivative by splitting off the protect- 
COTTESDONCINE Cai CTIZOAYV UCTIVALIVE UV Uli protec 
vdrous solution of hydrogen bromide in acetic acid. 
elycvl)-amino ethane sulphonic acid was obtained in small 
swdride method ® using isobutvl as the coupling 
annvycride metnod,” using ISODULY: ate as the coupune : 
agent. 
a onic acid was synthesized by reacting phthaloyl- 
-alanine with amino methane suip Cacia the presence oI n-Dutvi chioroiormate 
with subsequent removal of the p alovl group with alcoholic hydrazine, according 
: to the method of Ing and Manske.*- 
a : Although p-acetamino benzene sulphonyl chloride did not coupie with an amino 
p-acetamino benzene sulphonvi-)-alanine 
ee Most of the compounds prepared were tested for their inhibitory efiect on the 
erowth of micro-organisms. The results will De reported eisewhere 
EXPERIMENTAI 
tle c er. ) e 2 ed pr ct was recrvstal- 
S 20-4. requires: C, 31-3: H N,9 S, 20-9 
C. 42-8: H. 8&9: S 16-3. C-.H.-NO.S requires: C, 43 H 8-8: N. 7-2: S. 164 
nethviene sulp ac nine, m Ks 43-4 4; 
S 14-0: K. 8-7. requires: 43.4 4-5: § 4-5- K. 88 
The reg re we < g roxy < DOr -wise to a cold 
vas purified OV cIss the cak te ‘ ? rming with 
ae Nor the ere Li After severa rs in ice. a 
quan ute crvs Ss was c ecte 4 ( 4 N. 
S 15-9. C.H,.NO,S requires: C, 47-8; H, 5-5; Ss. 15-9 
To Es +. nino-eth shonic cid » 40m ethano was added assium carbonate 
and Ye MIX re warmed complete s Be 2 < eXCesS vas added to the 
oo cooled solution with stirring at 50° during 3 hr. The filtered solution was evaporated (water-dath) to 4 
: : 2H. R. Ing and R. H. F. Manske, J Sac. 2348 (192 
England 
10a—(4 
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first appearance of crystals, 20 mi ethanol was added and cooled. After 10 min, the crystals were 
collected. On recrystallization from hot water, the salt was obtained in 35% yield. (Found: C, 


38-1: H, 3-9; N, 49; S, 11-4. C,H,)NO,SK-H,O requires: C, 37-9; H, 4:2; N, 49; S, 11-2%). 


Benzoylamido-phenyl-methane-sulphonic acid, K salt 

This was obtained by benzoylation of phenyl-amino-methane-sulphonic acid® by the above 
method. (Found: C, 48-1; H, 3:7; N, 43; S, 96. C,,H,,.NO,SK-H,O requires: C, 48-4; H, 4-0; 
N, 40; S, 


Carbhobenzoxy-amino-methane-sulphonic acid, K salt 


To 111 g of amino-methane-sulphonic acid suspended in 250 mi water and cooled in ice, were 
added 69 g potassium carbonate To the cold, stirred mixture was added simultaneously, during 40 
min, 69 g potassium carbonate in 250 m! water and 150 ml of a solution of carbobenzoxychiloride in 
toluene. (Bergmann and Zervas).'* The mixture was stirred with cooling for | hr, followed by 4 hr 
at room temp The product vas collected. washed with water, ethanol and ether, yield 74 £ (26°,) 


m.p. 240 245°. (Found: N, 4-7; S, 10-8. C,H,.NO,SK-H,O requires: N, S, 106%) 


General preparation of x-benzylamino-alk yl-sulphonic acids 

To sodium bisulphite (0-25 moles) in 40 ml! water was added at room temp one equivalent of the 
appropriate aldehyde and after cooling (10-20°), a 10°, excess of benzylamine in an equal volume 
of water. The mixture was stirred } hr at 50—-70°, cooled, acidified with 10 N sulphuric acid to pH 4, 
placed in ice OVernight and filtered. Where necessary, ethanol was added to the acidified solution to 
facilitate crystallization. After trituration with ethanol, the products were analytically pure without 
further recrystallization 

z-Benzylamino-/-phenyl-ethane-sulphonic acid was obtained by adding the appropriate hydroxy 
sulphonate to a 100, excess of 50 °,, aqueous benzylamine rhe product separated out initially as an 
oul 

The following compounds were prepared by the above method 


Benzvlamino-methane-sulphonic acid z-benzylamino-ethane-sulphonic acid: «-benzylamino- 


butane-sulphonic acid benzylamino-iso-pentane-sulphonic acid z-benzylamino-heptane-sul- 
phonic acid; «x-benzylamino-/-ethy!-hexane-sulphonic acid: benzylamino pheny! methane-sulphonic 
acid; benzylamino-p-anisyl-methane-sulphonic acid and z-benzylamino-/3-phenyl-ethane-sulphonic 
acid 


The experimental data are summarized in Table |! 


SYNTHESES OF &-BENZYLAMINO-ALKYL-SULPHONIC ACIDS 
R-CH-’SO,H 


TABLE 


NH-CH,C,H 


H H N 


H 2 5-4 

CH 104-6 38 6-0 65 14-8 50-2 6-0 65 14-8 
CH 87-92 60 70 5-8 13-5 $4-3 70 5.2 13-2 
(CH,).CH-CH, 105-10 25 55-7 7-5 $-2 13-0 56-0 7-4 5-5 12-5 
CH 95-100 20 49 10-7 59-0 8-1 49 11-2 


CH <CH,),CH 


H,¢ 


C.H 95-105 60-7 53 5-0 11-6 60-7 5-4 | 11-6 
p-CH,OC,H, 100-104 10-0 58-6 5:5 10-4 
C.H.CH 84-85 20 61-6 60 4:8 11:3 61-9 4:8 11-0 


‘4 M. Bergmann and L. Zervas, Ber. Disch. Chem. Ges. 65, 1192 (1932) 


4 
an 
a4 

J 
R M.p 
(% ( 

89-90 10 §9-9 8-0 60-2 
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acid 


To 9:2 g 2-phenyl-ethene-1-sulphonic acid’® in 40 ml water was added 15 ml benzylamine. After 
remaining at room temp for ten days and acidifying with 16 ml cone HCl, a heavy white precipitate 
separated, and on filtering, the desired product was obtained (40°% yield), m p. 184-186°. (Found: 
C, 61°6; H, 60; N, 4-7; S, 10°6. C,;H,;NO,S requires: C, 61-9; H, 5-8; N, 4-8; S, 11-0°%). 


N-(benzoyl-glycyl)-amino-methane-sulphonic acid, K salt 


Amino-methane-sulphonic acid (5-6 g) was warmed with 25 ml 2 N potassium carbonate until 


evolution of CO, ceased. Hippury! chloride’® (9-9 g) and 25 ml 2 N potassium carbonate was added 


simultaneously during | hr to the cooled (0°) solution which was then stirred for 15 min. cooled. 


acidified with conc HCI and placed in ice overnight Hippuric acid (1-7 g) was filtered and the filtrate 


concentrated in vacuo, yielding 9-7 g (63°) crude product, m.p. 235—250°. On recrystallization from 
water-ethanol, a pure product m.p. 258-260° was obtained. (Found: C, 36-9; H, 3-9; N, 8-4; 
9°9. requires: C, 36°6; H, 4-0; N, 8-5; S, 9-8%) 


ar hohenzox rh ye y/)-amino-methane ulphoni« acid K 


Method | 


Into a 250 ml flask fitted th a calcium-chloride tube, 


was introduced 10-5 g carbo- 


benzoxy-glycine, 100 ml! dry toluene and 5-1 triethylamine After cooling (—7°), 68 isobutyl- 
chloroformate was added in one portios The mixture kept at 10° for 20 min and then 5-6 g 
amino-methane sulphonic acid in 50 ml N potassium carbonate was added portionwise After 


stirring vigorously at 0-10" for 1-5 hr, and for 2 hr at room temp, the aqueous layer was separated, 


washed with 3 portions of ether, acidified ith 4-5 ml conc HCI and cooled in ice After 4 hr, 7 4 


crude product, m.p. 150-170° was collected. The filtrate was concentrated and cooled, yielding 
68 g (43",) of a pure product, m.p. 190-200°. Repeated recrystallization gave a product m.p 
208-210°. (Found: C, 38-5; H, 3-8; N, 81; S, 9-5. C,,H,,N.O,SK requires: C, 38-8; H, 3-8; 
N, 8:2: 9-4%) 


Method 2. To a mixture of 1-05 ¢ carbobenzoxy-glycine and 1-03 g dicyclohexylcarbo-diimide"’ 


in 20 ml dry methylene chloride, was added 0-9 ¢ (60 excess) amino-methane-sulphonic acid in 
™ 8 ml N potassium carbonate: 10 ml water s added and stirred at room temp for 7 hr. The dicyclo- 

hexyl-urea (1 g, m.p. 233-236) s hitered, the aqueous layer separated, extracted with two portions 


500 mg of the desired compound, 


Carbobenzoxy-glycyl-amino-methane-sulphonic acid (1:02 g) was treated with 5 ml HBr in 
glacial acetic acid (300 mg HBr/m!), and allowed to stand at room temp for 3 hr with frequent shak- 
ing. The small amount of undissolved material was filtered and the filtrate treated with ethanol to 
cipient cloudiness. The mixture was chilled, and the re ting flocculent precipitate coagulated. 
It was dissolved 2-3 ml hot water and etha idded til a gel separated, and on filtering and 
washing with ethanol, gave 100 mg of glycyl-amino-methane-sulphonic acid, which charred at 290 
without melting. (Found: C, 21-3: H, 5-0: N, 16-4: S, 19-4. C,H.N.O,S requires: C, 21-4: 

H, 4-7: 19-0°.) 


N-(carbobenzoxy-el ycyl)-x-amino-ethane-sulphonic acid, K salt 


To a solution of 5:2 carbovdenz ne 50 ml dry toluene was added g tribD itylamine, 


and, after cooling (—12°) 3-4 ml isobutyl chloroformate added in one portion. The solution was 


kept in a freezing mixture for 20 min, after which a solution of 3-1g «-amino-ethane-su phonic acid? 


in 30 ml N potassium carbonate was added dropwise. The mixture was stirred (—5°) for 4 hr, 


6 ml N potassium carbonate added, and stirring continued (1 Shr). After filtering, the aqueous layer 
was separated extracted with 2 portions of ether and acidified with 5 ml conc H¢ 2¢ carbobenzoxy- 
glycine was filtered and the filtrate concentrated in vacuo (40—50°) to first appearance of crystals. 


After cooling, filtering and washing with ethanol and ether, 800 mg of the potassium salt melting at 


F.C. Bordwell. C. M. Suter, J. M. Holbert and C. S. Rondestvedt, J. Amer. Chem. Soc. 68, 139 (1946). 
% E. Fischer, Ber. Disch. Chem. Ges. 38, 612 (1905) 
’ Amiard and R. Heymes, Bull. Soc. Chim. Fr 


1360 (1956). 
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SYNTHESIS OF ANALOGUES OF THE 


IRIDOLACTONES' 


G. |. Fray and Sir Ropert ROBINSON 


Laboratory, Shell Chemical Company, Egh 


(Received 5 December 1959) 


Abstract—-Two stereoisomeric lactones of 2( vdroxy-4 acid, 


analogues of the 


FOLLOWING recent studies** on the synthesis of the iridolactones (1) from citronellal, 


the same starting material has been used to prepare two analogues, stereoisomers of 


structure 


lsopulegyl acetate, obtained as a mixture of stereoisomers Illa and Ilib® by the 
action® of acetic anhydride on p-citronellal (1V).’ was oxidized with selenium dioxide 
in ethanol (cf. ref. 2). and the aldehydic product was treated with silver oxide in 


i to afford two stereoisomeric unsaturated hydroxy-acids, which were 


aqueous alka 


separated by crystallization 


Ii b 


Ilo 


The infra-red spectra ol these compounds clearly showed that they were a/- 


unsaturated acids, but structure VI was ruled out by the absence of the band near 


11:2 « which is characteristic of the CH,:CRR’ grouping.” The acids must therefore 


be represented by Vila and V IIb. 


1 The term iridolactones has been used* to cover both iridomyrmecin and isoiridomyrmec 
K. J. Clark, G. I. Fray, R. H. Jaeger, and Sir Robert Robinson, Tetrahedr 6, 21 1959). 

> R. H. Jaeger and Sir Robert Robinson, Tetrahedron Letters No. 15, 14 (1959) 

4 Since this work was completed, F. Korte, J. Falbe, and A. Zschocke, Tetrahe n 6, 201 (1959), have 
pub ished syntheses of a number of iridolactone analogues, including (V) 


> Chemistry of Carbon Compounds (Edited by E. H. Rodd) Vol. IIB, p. 521. I vier, Amsterdam (1953) 
' F. Tiemann and R. Schmidt, Ber. Disch. Chem. Ges. 30, 27 (1897) 

7 W. Klyne. Progress in Stereochemistry Vol. 1, p. 189. Butterworths, Londo 1954) 

* L. J. Bellamy, The Infra-Red Spectra of Complex Molecules p. 58. Methuen, London (1958). 
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« 
Treatment of the hvydroxy-acids with hydrochloric acid 
eg lactones. of which the infra-red spectra each exhibited a carbonyl! band (at 5°64 jw) in 
ay the region characteristic of saturated y-lactones,*® indicating that the double bond was 
om neither in the lactone ring as in VIII, nor in the exocyclic position as in IX. The 
_ structures of these stereoisomeric lactones were therefore considered to be Xa and ‘Bee % 
. Xb (the configurations of the x-carbon atoms being uncertain) a 
co 
A 
saturated compounds, in which t 
a cvclohexane ring in the mde probable configurations of the saturated Se 
lactones were therefore Xla 
x 
stated, light petroleum refers 
mined for Nujol mulls 
Mireoisomers of 2(2'-hydr 4'-met yclohexylidene)\propionic acid Vila 
A solution of sele xide (22 g) in et 150 cc) was added during Ei 
mixtur SO} cetate 1-30" 39 ol (75 cc) at 
temperature ' 5~100° for 24 $ stirring. The 
: was te the filtrate « orale ind the re ¢ take ) ether: the ethercal Ey 
washed nd rogen car ite nd was dried and evapx 
a lue ive a pale vellow oil (8-9 g b.p. 90-100°/0-2 mn 
iress: C, 68:5; 86°) 
Attempts to isolate a pu: 
ee failed; the mixture was almost completely soluble, but could not be : 
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recovered by the addition of alkali or acid. The mixture was therefore used directly for the next 
stage 
A solution of sodium hydroxide (8 g) in water (250 cc) was added during 1 hr to a stirred mixture 


of the above aldehydic product (7:6 g), ethanol (100 cc), silver nitrate (14 g), and water (50 cc), and 


5S 


stirring was continued for 5 hr. The mixture was filtered, and the fitrate acidified with dil. sulphuric 


acid and extracted with ether. Extraction of the ethereal solution with sodium carbonate solution, 


followed by acidification, yielded a yellow viscous oil (4:2 g), which crystallized on trituration with 


light petroleum. Recrystallization from ether-light petroleum afforded an unsaturated hydroxy-acid 
as hard colourless prisms, m.p. 98-5-99°, [«}}, 37° (c, 1:17 in CHCI,) (Found: C, 65-3; H, 9-1. 


C,,H,O; requires: C, 65:2; H, 8:8°). The infra-red spectrum showed bands at 2-92 (free O—H), 


5-93 (conjugated ¢ QO), and 6°13 (conjugated 

The mother-liquors from the above crystalli ns, On standing, deposited crystals (0-33 g) of 
m.p. 101-102° (depressed on admixture with the above hydroxy-acid of m.p. 98-5-99°) Recrystal- 
lization from benzene—light petroleum then yielded a sec 1 unsaturated hydroxy-acid as microscopic 


prisms, m.p. 102-103 10° (c, 0-93 in CHCI,) (Found: C, 65:2: H, 86°). The infra-red 


spectrum exhibited bands at 2°98, 5-89, and 6:15u 


Stereoisomert 


(a) A solution of the hydroxy-acid of m.p. 98-5—99° (0-57 @) i ydrochloric acid (ca. 15°4) was 
kept overnight, a th extracted with ht petroleum. Evaporat f the solvent and recrystal- 
lization of the residue (0-23 g) fron ht pe im (b.p. below 40°) at —10° gave the unsaturated 
lactone as flexible elongated prisms, m.p 4243 63 (c, in CC (Found 71 9: 
H, 8:5. CyoH,,O, requires: C, 72:3; H, 85%). The carbonyl band in the infra-red spectrum 


appeares 


was 


lification with 


Os r) mn. 


irated 


lactone (40 mg) Recryst il iro mt petrole 1 (b.p. below 40°) at 10° gave elongated 


The infra-red 


Stereoisomeric lactones of acid and X1b 


(a) The unsaturated lactone of m p. 42 43° (105 mg) in ethanol was hydrogenated at atm press 


yalladized strontium carbonate to afford the saturated /actone as colourless 


in the presence o 
leaflets (100 mg), m.p. 49-49-5°, [a], 17° (c, 0-96 in CCI,), after crystallization from light petroleum 
(b.p. below 40°) at 20° (Found: C, 71:2; H, 9:3. CyoH,.O. requires: C, 71-4; H, 96%). The 


infra-red spectrum showed a band at 5-64 m corresponding to the carbonyl! group 


(b) Similar hydrogenation of the unsaturated lactone of m.p. 31—31-5° (55 mg) yielded the saturated 


lactone (50 mg). Recrystallization from light petroleum (b.p. below 40°) at —20 gave microscopic 
prisms, m.p. 33-5-34-5°, [x]p' —S° (c, 0-98 in CCI,) (Found: C, 71-1; H, 95%). The infra-red 


spectrum exhibited a carbonyl band at 5°64 u 


1° Consistently low C values were obtained on repeated analyses 


= 
lactones of acid Xa and Xb 
| 
: On extraction of the remaining acidic solution with chloroform, hydroxy-acid (0-27 g) ma 
a recovered. Treatment as above then gave further « (0-11 g) of the lac € 
Dissolution of the lactone (100 mg) in sodium hydroxide solution, followed by acid 
hvdroc Tic ack extractio vith chlorofor yielded the hydrox iC 
~<a (alter crysta Tee) ndepressed on admixture with pecimen of the original hydroxy-acid + 
h) Sin r treatme t of the hvdr x\ 10? (140 n r) aff the ne 
prisms, m.p. 31-31 D 14° (c, 1-43 in CCI,) (Found: C, 71-6; H, 8-5°%). PS 
spectrum showed a carbonyl band at 5-64 u 4 
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1650 references, n pie is bee ritative 1 clearly 1. The numerous 
: The e chapter the first half of the book deal with an oS : 
properties d reac s ol prote a proteins 
more detailed discussio the seven general groups of proteins, namely 
albumins, globulins, elins stones i protamines, sclero-, conjugated and 
phys rical ctive prote These d lividual proteins form valuable summaries 
not us y found in 0 k i type | : dherence the che stry of proteins produces re 
certall cs I here pic oct cc e cre lobins from 
different ar but e rather re eres val ts of human haemoglobin ; 
resu s selec se bec differences in human haemog!iobdin 
: were de strated largely by ] sical and chemi ec ues. However, ; sort of thing ee ha 
eS must vay rise where f C erned pt rily wit ne particular aspect of a subject 
lr case 1 no way detracts trom e success of the tre ent of the main topic of the book 
A. M. Lovetace, W. Postetnek and D. A. Rauscu i 
hemica Monograph Scr Re old. New York 1958 x 3/0 py 
fluorine compou ds” This clan les NOt Guile ¢ le with the st 
ic essmec ol eb Kk when they write 
been ext¢ ely re ved M to and includin 
fluorine comp ywrepared bee ided table But quite 
treat t of the prepar f different classe aliphatic fluorine 
| | 
The t chapter CESses y be employed the introduc 
fluorost r compounds 
‘AR Each chapter cont ns extremely useful tables (there are over 60 
ae properties of fluorine compou ds and giving an array of literature ; 
The book is clearly printed and it is a simpk atter to obti 
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particular compound by reference to its empirical formula. The emphasis throughout is on synthetic 
statement, for example, on p. 37 “treated CH,FCH,CI with PBr, at 100 and obtained CH,FCH,Br,” 
“CH.FCH,CI!” should read “CH,FCH,OH” 
Although a large range ol fluoronation methods is described, these are generally treated in a 


methods and physical properties This large compilation is not entirely free from misprints. In the 


non-critical manner. his perhaps is not a drawback in a book which attempts to cover so much 
ground. The presentation is g od and conforms to the usual high standards of American € hemical 
Society monographs 
It should be said that all workers in the fluorine field should possess this most valuable work of 
reference 
B. C. SAUNDERS 


Mitos Hupiicky: Chemie Organickych Sloucenin Fluoro Ceskoslovenoke Akademie Ved., Prague 
1958 360 pp Kes 38.50 

THIS interesting book on or fluorir npounds, ' ten in the Czech language, is published by 
the Czechoslov i d € i wer would like to emphasis at the outset that a 
reader inexpensive Czech dictionary will find 
n one of the less known European 

vraphs are ple isantly short and the description 
in equation, which moreover indicates reagents, 


every equation is accompanied by a number giving 


ins to point out that no single writer can cover the “full 
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This list, though very useful, does not go beyond 1954. 
up to 1956 : 
in which both aliphatic and aromatic compounds are 


ith the history of fluorine chemistry and with 


ynd chapter deals with the resistance of various 
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fluoride Then follows a chapter on fluorinating agents 


ntroducing fluorine into organic compounds. A chapter ts devoted to details 
selected organic fluorine compounds 

re important reactions of organic fluorine compounds 

rinc and lithium aluminium hydride, 


actical applications of 


| com- 

heless this may 
y be difficult 
subsidiary 


r when such papers are 


; most useful book 
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Joun C. SHEEHAN (Editor-in-chief): Organic Syntheses. Vol. 38. John Wiley, New York, 1958. 
Vii 120 pp., $4.00 


Over the course of the years few books have beet of more importance to org nic chemists throughout 
the world than the many volumes of Orga Syntheses. Not only have these books provided chemists 


with a large number of tested procedures for the synthesis of generally useful organic compounds, 


i conditions and yields obtained. In addition, = 
ene reference to the origi literature | 
ae In an introducti the author is at p 
ee breadth id depth” of the subject and 
ane specialised aspects of fluorine chemistry 
3s In general, literature references are comp 
oe fen chapters cover a wide range of toy 
= concerned. To begin with the author deals briefly w == 
, 
} 
materials towards fluot eee 
and one on methods : 
of the preparation « 4 
A very useful cl 
Such processes as hy 
halogenation, nitration and hydrolysis are dealt with 
Physical properties are given in considerable detail, but only passing reference Is made to the 
} } na 
outstanding physiological properties of certain organic fluorine Compouncs 
Analytical methods are discussed and the final chapter deals with the ) iii 
organic fluorine compounds 
It is llv the p t te correctly in the reviewer's opinion) of authors of : 
munications to place their names in alphabetical order at the head of a paper. Neve ‘a 
often mean that the wv K Ol senior author, whose name occurs late in the aiphaoet 
‘ le, | h 
to trace in the general literature. To overcome this difficulty Dr. Hudlicky 
; not immediately obvious u the main bibl raphy (which gives 806 refer 
: Every worker in the fluorine field should be in possession ol (hh ; 
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but many of the methods serve as prototypes for related reactions. Also, the various volumes of the 
series have been richly furnished with examples of new techniques and descriptions of new apparatus 
of general utility. However, there has always been one serious deficiency, namely the lack of an ex- 
planation as to why some of the preparations have been selected for publication in Organic Syntheses. 


It is obvious to all organic chemists why methods of preparation of such highly useful and inter- 


esting compounds as ketene (Collective > 1), diazomethane (Collective Volumes II and III 
and Volur thyl ethoxymet remal a tT ive Volume II1) and ferrocene (Volume 36), 


among many others, wer ‘ for lica 1 in the past. It is also clear why the preparations 


of compounds such as l-met moun vinviacety iene 


modci pl rib I wepara 14 on nept e hendecanedioic 
However, it is 


comp 


E. McEwen 


n collaboratior th 
VARSANYL and M. Vizesy). Pub u t ingarian Academy of Sciences 


440 pp 


THE book cons 
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156 orga 

in press.) 


py 
bond systems: Chro h groups (simple 
The role of the medium 
The fe wing conversio 
Waveleneths and wave nun nbders nto wavelengths iil Wavelengths into 
Fresne! i Wavekle ths into kcal/mol Transmission into extinction and ibsorpt 
V1I— Summ: of the abbreviations used throughout the book; VII—Tables for spectroscopic energy 
cak 
The second volume as a loose-leaf file contains inter-changeable pages of absorption spectral 
data of 156 organic compounds ution, a } in the gas phase. Numerous experiments 
have been carried out both is lar a lar vents and at several pH values, respectively 
he ma ay ) Beckman DU spectrophotometer, while a 
minority nm particular the gas ph a—by a Zeiss OU 18 quartz spectrograph 


A collection of ultra-violet spectra is already available in the Landolt—Bérnstein handbook but 


nd why the 
mething of a 
) } = } , no-4 
mystery, at cast to ts reviewer, WHY Me OF | eparation SUCN aS ino- 
anilino-6-(chiorome vi) 2-bronmx Vide Oc icid, 5,5-dimethyl-2-7 per tetra- 
hvd ofuran 5-Tormy nt Cit Lily ofuran, 
am do-« ack n the preses ave been choser This not an 
are ent t e cl © ie ar ce on the part of the 
| Noir that he no 1 aT ef why 
= nt tot iy } nt 5 
the vario On p. \ e pres ) iS Stated t c 
a vi es of O eal th sectx ea wey ich v explain why 
am ine not ticadic the editors t also consider the possil ol 
cc ny Al < in expla! on as many ot t prepa 
| | 
2-Be } Cin cn m propronit yil vet! immonium cthoxide 
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cl ne, O-Ketone! cane C ac irik me | sulfone, 
co ounds for which ethods of cs e described in Volume 38 of Organic Syntheses 
KE. 
Budapest, 1959. VIII + 
2 ts of two volumes. The first volume (85 pp.) gives a theoretical and technical intro 
j in) the second cont s 170 absorptx curves and tables, respectively, of 
. ounds h English head s. (The English version of u troductory volume is 
. t volume deals with the following topics The origin and formation of spectra: 
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there was a gap in recording spectral data independently until a manual of Robert A. Friedel and 
Milton Orchin appeared presenting 579 absorption curves in a separate volume. The disadvantage 
of this manual for European use arises from the fact that the wavelengths are given in inches and not 
in reciproque centimeters. On the other hand, only graphs are recorded without tables of w avelengths 
and maximum or minimum data. The Hungarian authors intend to fill this gap by recording curves 
as well as maximum—minimum tables. 

American data of a great number of organic chemical spectra are being summarized in the edition 
of the National Bureau of Standards, Washington. The valuable comprehensive manual ought to 
be added to from time to time with further experimental material. The book reviewed here may 


serve this purpose by collecting spectral data gathered in the Eastern hemisphere. Unfortunately, 


the present volume is limited to spectra taken up in Hungary. Nevertheless, the intention of forth- 
coming volumes is to extend the realm of this monograph to include data from neighbouring countries. 
In this case, the collection will surely contribute in a considerable manner to mutual exchange of 
scientific information between different countries, for absorption spectra serve nowadays as practical 
physical constants in the everyday practice of the organic chemist 

rhe reviewer is convinced of the usefulness of this first series of spectral data publication, the 


more so since this hits very well into the trames of th ntentions of the Pergamon Institute. 
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